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Quite an 
unusual gaggle 
of stars could be 
responsible for 
how we see the 

* universe today. 
Called dark stars, it's quite easy to let 
your imagination wander to stellar 
objects that are devoid of emitting 
any light. Quite ironically though, and 
as you'll find in this issue, dark stars 
are suspected to be millions of times 
more luminous than our very own 
Sun thanks to the annihilation of dark 
matter particles (if that's what this 
mysterious substance is made of) in 
heir centres. Dark matter could very 
well be the building blocks of our 
universe and, as we discover over on 
page 16, it follows that dark stars could 
be responsible for the formation of the 
cosmos. We've yet to observe a dark 
star though and we'll need to look 
back to when the universe was only 
one or two per cent its current age to 


Keep up to date 


Welcome to issue 66! 


have a chance of spotting them. 

Of course, we also need a telescope 
hat's up to the task. That's where 
NASA's James Webb Space Telescope, 
slated for launch in October 2018, 
comes in - a spacecraft that we're also 
keen to use for follow-up observations 
of worlds that could be tantalisingly 
just like Earth. 
One such planet is LHS 1140b, a 


a-half times its size. This suspected 
super-Earth could be our best bet in 
he search for life, but could it also 
support humanity if we were able to 
reach it in the future? 

Before I sign off, be sure to 
download your free digital book Tour 
Of The Universe. See you next month! 
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ALMA’ eerie green glow 
Lit up in green, the Atacama Large Millimetre Array (ALMA) appears to fit in 
with its alien landscape, also known as the Atacama Desert, the driest non- 
polar desert in the world. The radio telescopes that make up the array are 
being used to understand the origins of our universe. 

' Of course, the eerie green glow isn't evidence of alien activity, it's a warning 
function on the ALMA telescopes, which blink when the array isin use. This 
picture was captured using a ten-second exposure, during a time when a green 
flash occurred and spread throughout the image, creating a stark contrast 


Juno's portrait _. aa is 
of hemking ge eS q. é 


This impressive Roence of enhanced colour | 
images reveals how quickly the viewing 


geometry changes for NASA's Juno spacecraft, . e 

which is currently locked in orbit around b ~~ a 
Jupiter. The spacecraft, which arrived at the gas Ps ae 
giant in July of last year, swoops close to the . ey 
planet's tempestuous atmosphere once every ad ? kh 


53 days, speeding over its clouds. Two hours 
y later, Juno travels from a perch over Jupiter's 
~~ north pole through its closest approach and = 


then passes ov uth pole on its way 
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’ Crab Nebula 


9. ‘ir / This image shows supernova remnant, the Crab 

me , Rea © Nebula, snapped in five different wavelengths that 
; - — span the entire breadth of the electromagnetic 

- , . ; spectrum. The red represents radio emission 
taken by the Karl G Jansky Very Large Array (VLA); 

. ° . » _ infrared is shown in yellow and was teased out by 
the Spitzer Space Telescope; green is the optical 

light taken with the Hubble Space Telescope, 

. while blue and purple reveal ultraviolet and X-ray 
® emission shot with the XMM-Newton Observatory 


and Chandra X-ray Observatory, respectively. 
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New view of the 
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Cygnis ings supplies 
to the Space Station 


Taken aboard the International Space Station (ISS), the Orbital ATK 
Cygnus cargo craft orbits the Earth with a stunning view of our planet's 
surface. In this glorious shot, you can make out the country of Cuba, 
the Bahamas and the state of Florida. Around them, the sea appears 
tranquil, beautifully lit-up by the Sun, showing off blue and turquoise 
shades. The Orbital ATK Cygnus spacecraft's arrival (left inset) brought 
almost 3600 kilograms (8,000 pounds) worth of research and supplies 
to support Expeditions 51 and 52, continuing the pursuit of knowledge. 
From inside the Cupola, astronaut Jack Fischer (right inset) grins for the 
camera as the Soyuz and Cygnus spacecraft hang outside the windows. 


The Final 
Frontier: Abell 370 


The Frontier Fields program was launched in an 
attempt to push the Hubble Space Telescope to its 
limits, and peer into the depths of the universe. The 
telescope's latest image creates a picture of epic 
fantasy, revealing galaxies stretched around the 
galaxy cluster Abell 370, which rests some 5 billion 
light years away, where the Frontier Fields program 
came to an end. This is not a computer-generated 
effect; this is the astronomical phenomenon known 
as gravitational lensing, the warping of space-time by 
an object's gravitational field. 

Similar to how your reading glasses change the 
direction of light to suit your eyes, the light from a far 
away galaxy is influenced by the gravity of Abell 370 
to create this breathtaking shot. 


© NASA; ESA; Hubble; HST Frontier Fields; CC BY 40 
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seesthe 
rand Canyon 


e student-controlled EarthKAM 
camera, which is nestled on board the ISS 
captured this stunning view of our planet's 
impressive Grand Canyon from low-Earth 
orbit. The camera has been on board the 
orbiting outpost since the very first space 
station expedition began back in November 
2000 and supports approximately four 
missions on an annual basis. 

EarthKAM forms part of the Sally Ride 
Earth Knowledge Acquired by Middle 
School Students (Sally Ride EarthKAM) 
program, which provides a unique and 
educational opportunity for thousands of 
students multiple times a year, allowing 
them to photograph and analyse our planet 
from the perspective of the Space Station. 


© ALMA (ESO; NAOJ; NRAO); L. Matra; M. A. MacGregor 
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ALMA images 
Fomalhaut's ‘fiery’ 
planet-making disc 
Using the European Southern Observatory (ESO)'s Atacama 
Large Millimeter/submillimeter Array (ALMA), the ring of 
debris that surrounds one of the brightest stars in the sky, 
Fomalhaut (pictured here at the centre, has been resolved 
to a remarkably high resolution for the very first time. 
Fomalhaut, which can be found in the constellation of 
Piscis Austrinus (The Southern Fish) lies especially close to 
us. It lies roughly 25 light years away and comprises of a 
rich mix of cosmic gas as well as gas from comets that have 
crashed into each other. The system possesses a turbulent 
environment that resembles an early period in our own 
Solar System - the Late Heavy Bombardment that occurred 
approximately 4 billion years ago and saw huge numbers 


of rocky objects hurtle into the inner solar neighbourhood, 
leaving ‘crater scars’ on the terrestrial worlds. 


Saturn heads for 
northern summer 


This image shows the shadow of Saturn's gaseous limbs 
being projected onto its rings, snapped by NASA's 
Cassini spacecraft. Shadows like these grow shorter 

as the gas giant's season advances toward northern 
summer, which thanks to the planet's permanent tilt as 
it orbits the Sun, ended on Saturn's solstice last month. 


Over the course of the Cassini mission, this shadow 
first lengthened steadily until the planet's equinox in 
August 2009 and, since then, has been seen to be 
shrinking. This view looks toward the sunlit side of the 
rings from about ten degrees above their plane. 


© NASA; JPL-Caltech/Space Science Instit \ 


Casting the E-ELT's 
secondary mirror 


As the ESO prepares the European Extremely Large 
Telescope (E-ELT) to explore the cosmos by 2024, the 
secondary mirror has finally been successfully cast. This 
mirror will be the largest ever used on a telescope, covering 
a gigantic 4.2 metres (165 inches) and weighing a hefty 3.5 
tonnes (7,000 pounds). 

This image shows the hot secondary mirror immediately 
after the casting, which will eventually be allowed to cool 
and harden. Finally, it will be polished and shaped before 
it's hung over the E-ELT's towering 39-metre primary mirror. 


©SCHOTT; ESO 
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NASA set to | 
send a probe to 


“ ™ 


x 


‘touch the Sun’ 


Spacecraft will determine when astronauts and 


satellites are at risk of a solar flare 


NASA has got plans to launch a spacecraft towards 
the Sun in a bid to examine our nearest star close 
up. The hugely ambitious mission set to launch 

next year, will see a probe the size of a car get to 
within 6.5 million kilometres (4 million miles) of the 
surface of the Sun where it will face intense radiation 
and heat like no other man-made structure before. 
Once there, the probe will analyse the Sun's outer 
atmosphere, or corona, in the hope of collecting 
information about the life of stars. Astronomers want 
a better understanding of the mechanics of the solar 
wind and they will also be looking to learn more 


about why the corona is hotter than the Sun's surface. 


In order to do this, the probe, powered by 
advanced solar panels, will use a protective solar 
shadow shield and it will be developed to withstand 
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temperatures of 1,377 degrees Celsius (2,500 degrees 
Fahrenheit). It will launch from the top of a Delta IV 
Heavy Rocket and perform seven flybys of Venus, 
taking it ever closer to the Sun over the course of 
approximately seven years! 

NASA says this will ensure the spacecraft gets 
more than seven times closer to the star than any 
previous probe. “The spacecraft will explore the Sun's 
outer atmosphere and make critical observations that 
will answer decades-old questions about the physics 
of how stars work,” a statement from the space 
agency said. Scientists will also be using the collected 
data to improve their space weather forecasts, and 
the results will let them more accurately work out 
when astronauts, satellites and the power grids here 
on Earth may be at risk of a solar flare. 


An artist's impression of 
the Parker Solar Probe 
approaching the Sun. 


“The spacecraft will 
explore the Sun's 
outer atmosphere 
_and make critical 
observations" 


~ 
w~ 


Interestingly, the space agency is naming the 
probe after the 90-year-old astrophysicist Eugene 
Parker who predicted the presence of the solar wind 
in 1958. His theory of a charged stream of plasma 
flowing into space from the Sun was widely scorned 
at the time but his work went a long way to helping 
scientists understand how stars affect the planets 
that orbit them. 

To that end, the probe will be a fitting tribute to 
his contribution to space and although the mission is 
set to cost an eye-watering $1.5 billion (£1.2 billion), 
scientists believe it will be worth every penny. “We've 
come as far as we can looking at things,” says Nicola 
Fox, mission project scientist at the John Hopkins 
University Applied Physics Laboratory in Laurel, 
Maryland. “It's time to pay it a visit.” 
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According to recent research, planetary 
scientists suspect that our planet may have 
possessed a more ‘flattened’ shape 


Early Earth was spinning doughnut 


Anew study suggests our planet may have looked 
very different following a past high-speed collision 


It's news that would have H 
Simpson salivating, but astr 
are now theorising that Ear 


omer 
onomers 
h may 


once have looked like a giant hot 


doughnut. A new study sug 
a violent collision between 


gests that 
wo planet- 


sized bodies results in a doughnut- 
shaped mass of steaming vaporised 


rock. But what is perhaps ju 


st as 


intriguing is that astronomers say our 


and Harvard graduate Simon Lock, 
collisions between objects moving 
and spinning relatively fast form a 
completely new structure. Rather 
than create a disc of solid or molten 
material surrounding the planet 
(which is the core of current theories), 
they claim such giant impacts cause 
celestial bodies to become molten or 
gaseous and expand in volume. 


the centre filled in - a form they are 
dubbing synestia. Such a phenomena 
would have no solid or liquid surface 
and, in Earth's case, such a state 

may not have lasted for much longer 
than 100 years following a possible 
collision with a large planet known 
as Theia. The object would cool off 
and eventually solidify into an almost 
spherical-shaped planet. 


own planet may have taken on this If the combined object gets big Stewart and Lock are hoping this 
form about 4.5 billion years ago. enough, or moves at the right speed, phenomena may be directly observed 
According to researchers Sarah then parts of it pass the velocity as astronomers seek out other 


Stewart, a planetary scientist at 


the University of California 


Davies, 


Cassini captures 


Saturn's rare 


summer solstice 


The spacecraft 


gives astronomers a 
Tingside seat’ as the 
planet undergoes 
seasonal change 


The Cassini spacecraft which has been 
studying Saturn since it arrived in 
2004 has now captured the planet's 
rare solstice in dramatic detail. 
Occurring just once every 15 Earth 
years, the solstice marks the longest 
day of summer in the northern 
hemisphere and the shortest day of 
winter in the southern hemisphere. 
"The Saturn system undergoes 
dramatic transitions from winter to 
summer, and thanks to Cassini, we 
had a ringside seat,” says Linda Spilker, 
who is Cassini project scientist at 


needed to keep a satellite in orbit. It 
then creates an indented disc with 


NASA's Jet Propulsion Laboratory (JPL), 
in Pasadena, California. 

The Solstice Mission began in 
2010 and it has been a huge success 
given it has observed the seasonal 
changes and reached the solstice. 
“During Cassini's Solstice Mission, we 
have witnessed - up close for the first 
time - an entire season at Saturn," 
says Spilker. Indeed, astronomers have 
watched the eruption of a giant storm 
that encircled the planet over seven 
months and they've seen the giant's 
north pole change colour from a bluish 


planetary systems. It may also hold 
clues about how the Moon formed. 


These changing natural colour views 
taken from Cassini show Saturn's 
north pole in June 2013 and April 2017 


halo to something more golden. 

In particular, astronomers have been 
astonished by the dramatic, sudden 
changes in the seasons. “Eventually a 
whole hemisphere undergoes change, 
but it gets there by these jumps at 
specific latitude bands at different 
times in the season,” says Robert 
West, a Cassini imaging team member 
at JPL. Sadly, such observations are 
coming to an end. After its series of 
dives between the planet and its icy 
rings, Cassini will ‘suicide drop’ into 
Saturn's atmosphere on 15 September. 


of 

ace. 
News ~ 
in Brief 


Lunar orbiter 
survived a 
meteoroid hit 

A blurred image taken by the 
NASA's Lunar Reconnaissance 
Orbiter (LRO) in 2014 was caused 

by a collision with a tiny meteoroid, 
according to mission scientists. 
Principal investigator for the LRO 
Mark Robinson says: “The meteoroid 
was travelling much faster than 

a speeding bullet. In this case, 

the LRO camera] did not dodge a 
speeding bullet, but rather survived 
a speeding bullet!" 


Odd ‘Styrofoam’ 
planet is found 
Astronomers using the KELT survey 
have discovered a giant planet with 
a density similar to Styrofoam. 
Orbiting a star 320 light years from 
Earth, KELT-11b is just a fifth of the 
mass of Jupiter. Yet it is 40 per cent 
larger, with the study's lead Joshua 
Pepper, making a comparison to 
polystyrene foam. He also says it's 
“an excellent testbed for measuring 
the atmospheres of other planets.” 


Jet erupts from young 
failed star 

The SOAR telescope at the Cerro 
Tololo Inter-American Observatory 
(CTIO) in Chile has observed a 
spectacular extended jet from a 
brown dwarf. Young stars commonly 
launch jets that extend over a light 
year or more, this is the first jet with 
a similar extent detected from a 
brown dwarf. This lends new insight 
into how substellar objects form. 


Orbit of TRAPPIST-1's 
‘least understood’ 
planet worked out 
After many hours spent analysing 
he TRAPPIST-1 system, scientists 
have nailed down the path of the 
TRAPPIST-1 system's most remote 
planet, TRAPPIST-1h, noting it takes 
just 19 days to complete an orbit 
about its host star. Although this 
planet is too cold to host life, the 
system is made up of seven planets, 
hree of which lie within the liquid- 
water-promoting habitable zone. 
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Gravitational se 


‘waves are". ‘ 


- detected for . 
_the third time _ 


Colliding black holes prévide © --* 


further evidence of the ripples -° 


through space and time ; 


Scientists searching for ripples 

in the fabric of space and time 

are celebrating after the iaser 
Incerferometer Gravitationai-wave 
Observatory (LIGO) made its third 
detection. Caused by two black holes 
colliding to form a larger black hole, 
the discovery follows the first direct 
observation of gravitational waves in 
September 2015 and the second in 
December that same year. 

This latest detection was made on 4 


January,.with the black hole having a 
mass some 49 times that of our Sun. 
It is more than three billion light years 
away, making it the farthest detected 
so far. By comparison, the first 
detection had a solar mass of 62.and 
was 1.3 billion lightyears away while 
the second had a solar mass of 21 and 
was 1.4 billion light years away. Each 
back the prediction of theoretical 
physicist Albert Einstein who posed 
the presence of gravitational waves in 


° 
his general theory of relativity in 1916. 
“Tt looks like Einstein was right ~even 
for this new event, which is about 
two times farther away than our 
first detection,” says Laura Cadonati 
of Georgia Tech and the deputy 
spokesperson of the LIGO Scientific 
Collaboration (LSG). The study also 
shows that the black holes may 
not be aligned, hinting that binary 
black holes may form in dense 
stellar clusters. It confirms, too, the 


LIGO is proving valuable 

in the detection of 

» gravitational waves caused 
by colliding black holes 


existence of stellar-mass black holes 
larger than 20 solar masses. 

“These are objects we didn't know 
existed before LIGO detected them,” 
says MIT's David Shoemaker, the 
newly elected spokesperson for the 
LIGO Scientific Collaboration (LSC). 
“Tt is remarkable that humans can put 
together a story, and test it, for such 
strange and extreme events that took 
place billions of years ago and billions 
of light years distant from us.” 


Moon discovered around third largest dwarf planet 


The Hubble Space Telescope has helped detect a new member of our Solar System 


A dwarf planet within the Kuiper 

Belt at the edge of the Solar System 
has been found to have a moon. The 
discovery was made by three NASA 
telescopes including Hubble, and it 
means that the majority of the known 
dwarf planets larger than 600 miles 
(965 kilometres) across are now known 
to have a companion. 

Called 2007 ORIO, the body is 
currently the third largest dwarf planet 
that scientists are aware of and it is 
not only 1,529 kilometres (950 miles) 
across but three times further from 
the Sun than Pluto. Images show 
the moon, which measures between 
241 kilometres and 402 kilometres 
(150 and 250 miles) in diameter, 
is gravitationally bound to it as 
seen against a background of stars. 
Scientists say it can tell us much about 
how such natural satellites formed in 
the early Solar System. 
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“The discovery of satellites around 
all of the known large dwarf planets - 
except for Sedna - means that, at the 
time, these bodies formed billions of 
years ago, collisions must have been 
more frequent, and that's a constraint 
on the formation models,” says Csaba 
Kiss of the Konkoly Observatory in 
Budapest in Hungary. “If there were 
frequent collisions, then it was quite 
easy to form these satellites.” 

It is thought the objects hit so 
often because they were in a crowded 
region, but the speed would have 
to be just right to avoid them either 
creating either lots of system-escaping 
debris or nothing more than a crater. 
The findings confirm a suspicion 
that a moon was slowing 2007 OR1O 
down: the Kepler Space Telescope had 
previously seen that it had a rotation 
period of 45 hours - twice that of 
typical Kuiper Belt Objects. 


Moons appear to be 
commonplace around 
objects at the edge of 
the Solar System 
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Planet rings cause of star's eclipses 


An artist's impression of 
a giant ringed world and 
young star PDS 110 


A massive gaseous exoplanet or brown 
dwarf that's up to 50-times bigger than 
Jupiter and encircled by a ring of dust 
is the likely culprit for blocking out 
light from the star it orbits. 
Using data from the Wide Angle 
Search for Planets (WASP) and the 
Kilodegree Extremely Little Telescope 
(KELT), astrophysicist Hugh Osborn 
identified that the light from young 
star PDS 110 in Orion is regularly 
blocked by a large object. “We found a 
hint that this was an interesting object 
in data from the WASP survey,” says 
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The world is estimated to be 50-times the mass of Jupiter 


Osborn, “but it wasn't until we found a 
second, almost identical eclipse in the 
KELT survey data that we knew we 
had something spectacular.” 
Every two and a half years ligh' 
from PDS 110 - which has a similar 
temperature and is slightly larger than 
our Sun - is reduced to 30 per cent for 
two to three weeks. Two of the more 

notable eclipses occurred in November 
2008 and January 2011. “What's 
exciting is that during both eclipses 
we see the light from the star change 
rapidly, and that suggests that there 


are rings in the eclipsing object, but 
these rings are many times larger than 
the rings around Saturn,” says Leiden 
astronomer Matthew Kenworthy. 

The next eclipse is predicted to 
take place in September. If an object 
is confirmed, it will be the first giant 
ring system that has a known orbital 
period. “September's eclipse will let us 
study the intricate structure in detail... 
and hopefully prove that what we 
are seeing is a giant exoplanet and its 
moons in the process of formation,” 
comments Osborn. 


An artist's impression of the secondary 
supermassive black hole of Cygnus A 


Two 
supermassive 
black holes found 
in familiar galaxy 
A mysterious bright 
spot has suddenly been 
discovered within radio 
source Cygnus A 


A super-bright spot has seemingly 
appeared out of nowhere in the centre 
of the Cygnus A galaxy almost 800 
million light years away from Earth. 
Astronomers were aware of the 
presence of a supermassive black hole 
a billion times the mass of our Sun in 
Cygnus A but they are now considering 
the possibility of another within a 
distance of just 1,500 light years. 

The second spot wasn't detected 
when it was last viewed by the Very 
Large Array 21 years ago. “It must have 
turned on some time between 1996 
and now,” says Rick Perley from the 
National Radio Astronomy Observatory. 
He said it had the “characteristics of a 
supermassive black hole that is rapidly 
feeling on surrounding material”. 

Astronomers say it would have 
always been there but that it would 
have come into contact with a new 
source such as a star or gas, causing an 
outburst that we later detect. “It may 
have much to tell us about the history 
of this galaxy,” says Daniel Perley, of 
the Astrophysics Research Institute of 
Liverpool John Moores University. 
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Dark Stars 


A star dies. A sudden flash of light signifies the end 
in a supernova explosion. 

This, however, is only part of the life cycle of 
stars, as the rich material created during the death 
throes of the star is ejected into space by the 
supernova. When the next generation of stars form, 
they sweep up the leftovers of the supernova, and 
thus accrete the metals that the dying star produced 
- metals being the term that astronomers use for 
anything heavier than hydrogen and helium. Metals 
are important; without them, the dise of gas and 
dust surrounding a newly forming star could not 
create rocky planets. But if new stars recycle the 
metals produced in the deaths of old stars, what did 
the very first stars do? 

The universe began with the Big Bang, which 
created the gases hydrogen and helium, and trace 
amounts of lithium and perhaps beryllium as well. 
Matter began to clump together, therefore pulling in 
ever more material through gravitational attraction. 
It may have been dark matter - the mysterious 


What are dark st 


They're not dark 

Despite their name, these early members of our 
universe are not dark - they would have blazed 
brilliantly, lighting up their surrounded area with 
a luminosity about a billion times brighter than 
our Sun. 


They're likely to have been the first ‘stars’ 
During the early days of our universe, usual stars 
were unable to form. Instead, dark stars are thought 
to have come from enormous clouds of hydrogen 
and helium, ranging between four and 2,000 
Astronomical Units (one unit is equivalent to the 
average distance between the Earth and Sun). 
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“The standard scenario for the formation 


of the first stars does not rely on dark 
matter annihilation” Eric Zackrisson 


substance that has yet to be directly detected - 
that began to accumulate first. This then drew 
in the ordinary matter, which is the stuff we can 
see, such as hydrogen and helium. Together, the 
dark and ordinary matter created what is known 
as a ‘minihalo’, although the name is somewhat 
misleading as minihalos had masses around a 
million times that of our Sun. 

It was in the minihalos that the first stars were 
born 200 million years after the’ ig Bang.The | 
first stars are known as popul 
none have ever been observ 
The first stars had to make d 
had available, and formed from : onda : 


They're likely to be invisible now ; 
Dark stars are unlikely to have survived to what we 
perceive to be the modern era of the uni arse - at 
least in terms of their high luminosity. If t hey are 
_ visible, they could be detected from their gamma 
ray, antimatter, neutrino emissions. 


They were powered by dark matter 
Dark stars are thought to have comprised of 
mostly normal matter, much like the stars that we 
can see in the universe today. However, within 
dark stars a high concentration of dark matter - 
likely in a neutrino form - would have annihilated, 
causing illumination. 


and galaxies - only n 


only hydrogen and helium. When they died in 
supernovae explosions, they produced the first 
metals for the subsequent populations of stars; 
population II which have a small proportion of 
metals, and then the metal-rich population I stars 
we have today. 

The dark matter in the minihalo may aces done 

* more than bring elements together - it might also 

have been present deep within the first stars. These 
stars are known as ‘dark stars’, due to the dafk 
matter within them, although they auld have. . 
actually shone very brightly. 

Everything that we 


Dark matter first assembled into clumps and 
filaments before attracting ordinary matter to ft and 
~ then forming the first stars 


Artist's impression of a dark star viewed in the infrared 


Dark Stars 
RL ts 


of the universe, where as dark matter comprises 25 
per cent. The rest is made of dark energy, another 
oddity thought to be responsible for accelerating 
the expansion of the universe. Dark matter does 
not interact with ordinary matter and it does not 
produce any light. We only know that it must be 
there as its immense gravitational force tugs on 


Observing dark stars 


NASAs James Webb Space Telescope SWST) will be able 
to see further back in time than the long-serving Hubble, 
meaning that it should detect dark stars 


ordinary matter. y : xs 
One of the leading theories attempting to expla : En E ie canner 8 6 ps bsiee. 
the invisible mass in the universe is a hypothetic - | Fy * 4 Chandra deep field 


particle known as a WIMP - Weakly Interactin ‘ 
Massive Particle. ‘Weakly’ interacti | 
» relationship with ordinary matter 
* would still interact with themselves. 
WIMPs collided with each other they w : 
each other in a process known as annihilation. 1 
is because theories predict that WIMPs are their 


own ‘anti-particles’. . " : 
Ordinary matter has anti-particles, which are ) o 
particles that have the same properties but of - tes < 
Opposite charge. For example, atoms consist of a a asks . 5 
nucleus surrounded by electrons. Electrons have ' ca Ay a 
a negative charge, and if they meet a particle } . * | 
known as a positron (which has a positive charge), } . ad 
the electron and the positron will therefore 1 ££. ' 
catastrophically annihilate each other. ' 2 s ‘ ' 
A side effect of annihilation is that it produces , = ' ' : 
energy. As a star begins to form in a minihalogthe a a ¢ a ; v} - 
collapsing material will contain hydrogen, helium, 3 He ” - S| - 
and WIMPs. At first, the energy produced by the = 8} : 5 ‘3 ’ 
colliding WIMPs leaks out into space, but when the =a, & 2 = 2 20) 
density of hydrogen is high enough, it traps the 8 ° ¥ 4 a ' = a) a! 
energy from the WIMPs inside the star. Even though Or bene er gt Sia DO 
i =I ive ime Oi or 
the WIMPs only account for a fraction of a percent of ' ' ' ' ' 
the mass of the star, they are so efficient at energy 13.7 0.95 0.3 0.0004 
production that they can power a dark star for Age of the universe (billions of years) Des 


millions, or even billions of years. 

It is still uncertain if all of the first stars were 
ordinary population II stars (with no dark matter), NASA technicians complete a 
dark stars, or if both types of stars co-existed. “The series of cryogenic tests on six 
standard scenario for the formation of the first stars James Webb Space Telescope 
does not rely on dark matter annihilation,” says © . oe santas onsen cstece 
Erik Zackrisson from Uppsala University in Sweden. 
“Dark stars are simply seen as exotic alternative to 
the standard formation route.” 

Ordinary stars are powered by fusion, the process 
that converts hydrogen into helium in the core of 
the star. The population III stars would have been 
massive, weighing in at around 100 times the 
mass of our Sun. However, they were also very hot 
and this limited the amount of material that they 
could accrete. Dark stars, on the other hand, were 
much cooler. This meant that they could accrete 
substantially more of the surrounding material and 
could theoretically keep growing as long as there 
was enough dark matter to fuel them. Dark stars 
could have reached masses up to a million times 
that of the Sun, with a luminosity a billion times 
brighter than it. 

, As the saying goes, all good things come to an 
end, and the WIMPs will have eventually completely 
annihilated each other. Unlike population III stars 
which end their lives as supernovae, dark stars are 
so massive that they are fated to become a black. 
hole. The smaller dark stars could take a detours 
on the way to oblivion, by briefly igniting as an 
ordinary fusion powered star. When this happened, 


Dark Stars 


Making our Sun’s darker cousin : 


Formed not long after the Big Bang, these brilliant members 
of the early universe aren't your conventional star 


5 back 
first‘stars) . a 
thought that dark stars began with a mass similar 
our Sun. Eventually, they grew to millions of 
highanda ; 's mass, before the true first stars burst into 
lecosmos =  * ry oat hey would have been surrounded by 
aftertheBig ‘ : ¢ louds of hydrogen and helium, hundreds 
: , ds of kilometres across. 


The early universe 


the star would contract and become hotter. The 
hydrogen would quickly have been consumed in the ~ 
_ ~belly of the star, and when the fusion engine could 
~ no longer support the star, the inevitable collapse 
into a black hole would have oceurred. 
The most thassive of the dark stars would have 
bypassed the fusion stage altogether, and collapsed 
straight into a black hole. These black holes were so 
" Massive that they offer a solution to a problem that 
had previously puzzled scientists. Supermassive 
black holes, which can be billions of solar masses, 
exist at the centre of every galaxy and are known 
to exist only a billion years after the Big Bang. 
However, an ordinary star collapsing into a black 
hole would need more than a few hundred million 
years to gobble up enough material,to become a 
supermassive black hole. ° 
“Ordinary stars cannot do it, because ordinary 
stars are too small,” explains Katherine Freese from 
the University of Michigan. “Dark stars, on the 
. < other hand, can grow to become a million times as 
Dark stars would have . ‘ a massive as the Sun, and then when they run out 
inevitably collapsed into ; of fuel they collapse into million solar mass black 
a black hole (pictured) holes, which are the perfect seeds for monstrous 
supermassive black holes.” 
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Dark matter — 
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_ Dark matter annihilation 


The reactions occurring in dark stars would have been 
the annihilation between the neutralino dark matter 
and their counter dark matter particles. With such a 
high concentration of dark matter its thought that 
heat generated by reactions within them would have 
stopped them from collapsing to make modern stars. 


~ Neutralino dark ° 
matter particles wa 


- 


~ Neutrinos 
produced, 
giving dark stars 
their brightness 


Dark Star 


A bright dark star 


“When dark stars run out of fuel they 
collapse into million solar mass 


black holes” Katherine Freese 


The supermassive WIMP-powered dark stars 
could only‘have formed in the minihalos of the early 
universe, when the density of dark matter was much 
higher than it is today. Over time, as the universe 
expanded, everything became more spread out so 
there are no longer minihalos capable of birthing 
supermassive dark stars. 

This confines them to the early universe, which 
also means that they are at a great distance from us 
here on Earth. Astronomers use the term ‘redshift’ 

,to denote distance in cosmology, as the light from a 
distant object will get shifted towards the red end 
of the spectrum, permitted that it's moving away 
from us. The dark stars only exist at high redshifts, 
making them an observing challenge. The infrared 
ultra deep field images taken by the Hubble Spage 
Telescope were used to look for dark stars, but none 
were found. This doesn't necessarily mean that they 


do not exist, as there could be less luminous dark 
stars lurking beyond Hubble's vision. However, the 
upcoming James Webb Space Telescope (JWST) - 
due to be launched in October 2018 - will outdo its 
predecessor by looking further back in time. 

“Tf dark stars do exist, and are sufficiently 
massive, numerous and long-lived, then JWST 
certainly has a decent chance of confirming their 
existence at high redshifts,” says Zackrisson. 
“However, since the distribution of dark star 
properties critically hinges on both the properties 
of the dark matter particles and the cosmological 
evolution of the dark matter halos that host them, 
success is by no means guaranteed.” 

*Even if JWST can't detect individual dark stars, it 
might still be able to detect their overall glow. Just 
as individual street lights all add up to produce an 
infuriating red glow over cities, light from stars and 


The annihilation processes inside the dark star cause 
it to shine brightly, at a luminosity that's billions of 
times brighter than the Sun. It’s possible that these 
stellar objects could still exist today - albeit, as 
embers that require the help of future telescopes like 
the James Webb Space Telescope to see them. 


The Hubble Ultra Deep Field was used to search for 
dark stars in the early universe 
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“If dark stars exist, 
and are sufficiently 
massive... then 
JWST has a chance 
of confirming their 
existence” Eric zackrissa”l 


galaxies accumulates into what is known as the 
extragalactic background light (EBL). The EBL has 
already been mapped to a certain extent, but the 
improved measurements from the JWST will help 
to sniff out the contributions from dark stars that 
hasn't been manageable before. 

While WIMP annihilation can theoretically 
provide enough fuel to keep a dark star going for 
billions of years, it is unlikely that any of the darks 
stars from the early universe are still around today. 


However, it is possible that a new generation of dark 


stars could exist where dark matter concentrations 
are still somewhat high, such as in the centre of 
galaxies. As there is less dark matter in galactic 
centres compared to the minihalos of the ancient _ 
universe, the new generation of dark stars would be 
much less massive - only equivalent to that of our 
Sun - and will never be able to rival the glory days 
of the first stars. 

Solar mass dark stars near the galactic centre 
would not have formed while trapping WIMPs 
inside them, but tather by oe some of aoe 
dark matter that re 


younger than they actually 
extend their a 


it, the dark stars c 
that dark stars 
in the universe. 
Another possibility is 

neutron stars or white dwarfs at the galactic centre 
could also gather enough WIMPs in order to trigger 
dark matter heating. These stars would otherwise 
become fainter over time, but with a new heating 


source they would get a new lease of life and appear — 


strangely younger and hotter than expected. 

Understanding the early years of our wondrous 
universe and how the first stars came to be is crucial 
to understanding what we see around us today - as 
it is to understanding the more complex objects and 
phenomenons in the Solar System. It is a murky 
period that is difficult to observe, but with the next 
generation of telescopes such as JWST, it might 
finally be possible to detect both the supermassive 
dark stars of the early universe and their less 
impressive cousins in the galactic centre. 

Discovering whether it was population III stars, 
dark stars, or both that were the first stars to form 
in the universe will have a profound effect on 
cosmology. It won't be long before we can shed some 
light on these dark members of the cosmos. 
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Star comparison chart 


MASS LUMINOSITY 


rN 


_ 1.99x102°%kg 


a 


* 


~ 100-1000 times Sun” 


~ 0.5-5.0 times sun 


0.45-0.8 times Sun 0.08-0.6 times Sun 


0.07-0.5 times Sun 0.0001-0.08 times Sun 


_  10,000-60,000 times Sun 


1,000-80,000 times Sun 


RADIUS 


695,700 kilometres 


Up to 78 times Sun 


100-1650 times the Sun 


15-100 times the Sun 


0.96-1.4 times Sun 


0.7-0.96 times Sun 


0.13-0.7 times Sun 
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a Mars rover 


All About Space caught up with TED Talk speaker Nagin Cox, the Curiosity 
rover's spacecraft engineer, who lives and works on Martian time 


Interviewed by James Horton 


Before joining the Jet Propulsion Laboratory 
(JPL) you served with the US Air Force for six 
years. Did you always see yourself progressing 
onto interplanetary space missions? 

Actually, I did. I have been interested in working for 
JPL since I was 14, so I've always had a bit of a one- 
track mind. I was very fortunate to have served in 
the military; they funded all of my education from 
undergraduate to postgraduate degrees, so I couldn't 
have gotten to where I am today without having 
served. But then there came a point where, for as 
much fun as I was having in the military, I wanted 
to switch back to my original goal. I was working in 
military space operations at the time and I wanted 
to resume my quest to join JPL. I felt that it would 
take longer than it did, but I was fortunate enough 
to join NASA within a year of leaving the Air Force. 


You've had the privilege to work on three of the 
four rovers to have landed on Mars. Is there any 
piece of data or particular moment that stands 
out to you as the most exciting? 

The landings are very hard to beat for sheer 
excitement and nervousness. But separate from 

the initial landings and driving the rover from the 
landing platform and onto the surface - as we did 
during the Mars Exploration Rover (MER) missions 
- there have been so many. One that I specifically 
remember is when the project scientist came into 
the flight operations room and told us that the water 
on Mars had once been drinkable. That was quite 

a moment, and we were told that they wanted to 
share the information with the flight team before it 
was announced. 

There are many moments like that, where we hear 
results as they're being developed, and then we can 
start to think about where we're going to drive to 
next to investigate the idea further. Overall, as the 
engineers, our role is to drive the rover and make 
sure that it’s okay, but we also get to participate 
daily with the scientists as the story develops. 

And then of course there are the exciting 
milestone sols. At first, we thought Spirit and 
Opportunity were designed for 90 sols - or 
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“We don't even bet against Opportunity at 
this point, as no one has any idea how long 
She'll be able to keep going” 


optimistically maybe we could get an Earth year of 
use out of them - but 14 years later we continue to 
be amazed. We don't even bet against Opportunity 
at this point, as no one has any idea how long she'll 
be able to keep going. And although I don’t work on 
Opportunity any longer it's hard to forget your first 
rover, so I like to remain in close touch with what 
she does and with the people who operate her. 


Had the idea to amend your working hours to 
Mars time (by coming into work 40 minutes later 
every day) been introduced when you joined the 
rover missions? Why was that decision made? 

I was on MER from day one, and whether or not to 
operate on Mars time for each rover, or a lander like 


Cox at Mission Control 
back in August 2012 


Phoenix, is an ongoing discussion. The basic idea is 
that you can be more efficient with the rover if you 
work as if you're actually on Mars [by elongating 
the Earth day by 40 minutes to accommodate 
Mars’ slower rotation], rather than operating strictly 
according to the Earth day. However, there is always 
a question about the toll it takes on the people 

on Earth, and the complications that surround it. 
So we're constantly thinking about whether it’s 
necessary to do that; we ask whether we've learned 
enough about operating on the Red Planet to either 
shorten or lengthen the amount of time spent 
working on Mars time to make it more sustainable. 
We only have a few data points about this, so it's a 
constant conversation about whether we need to 


Nagin Cox 
Nagin Cox is a spacecraft 
engineer at NASA’s Jet 
Propulsion Laboratory 
(JPL) and part of the team 
responsible for operating 
the Curiosity Mars rover. 
She has a master's degree 
in Space Operations 
Systems Engineering and 
joined JPL in 1993 after six 
years with US Air Force. She 
has worked on NASA/JPL's 
Galileo mission to Jupiter, 
the Kepler telescope that's 
hunting for Earth-like 
exoplanets and three of the 
four Mars rovers. 


operate on Mars time, and for how long. 
It’s a fascinating conversation that goes 
on and on; I've recently joined the Mars 
2020 rover team, and Mars time is still an 
ongoing discussion. 


What were the main obstacles your team faced 
when trying to operate by Martian days instead 
of Earth days? 

Those of us who live in Pasadena [California] 

and work on the missions have the advantage of 
remaining at home, but when you're switching 

your own body clock to Mars time it’s important to 
consider the impact it has on your family. For the 
scientists and engineers coming from other parts of 
the country and the rest of the world, they have a 
different set of challenges. They'll be living in either 
townhouses or rented apartments with roommates 
who are also likely on Mars time, so there's not 

such a sense of inconveniencing those around you. 
However, those scientists and engineers are gone for 
three months or more from their families. 

But whether living at home with families or away 
from them, all of us had to face the challenge that 
the Sun rises above the Earth at a certain time, and 
you can't block out everything. The errands and 
daily activities that you have to do are still there 
so you have to learn where the 24 hour fueling Earth 
stations, diners and grocery stores are; but there's Rotation period: 
still a lot you can't do. It’s a challenge to conduct 24 hours 
the rest of your Earth life while your work life is on 
Mars time. 


Were these changes why you and the other 
members of your team came to think of 
yourselves as ‘Martians’? 

The thing with calling ourselves Martians and 
feeling disassociated with others was because 

we were out of sync. A good parallel is to think 
about going camping, say when you're away from 


Mars 
Rotation period: 
24 hours 40 minutes 


/ 


civilisation for a week. You immediately become On a mission, the teams responsible for the 
very attuned to nature but grow disconnected with rovers extend their days by 40 minutes to stay 
the news and other things. In the same way, when in sync with the Red Planet's rotation 

we were coming into work 40 minutes later every 


This artist's concept shows Curiosity 
using its ChemCam instrument to 
investigate Mars’ rocky surface 


Nagin outlines the Mars Science Laboratory mission 
in a presentation at Dryden, Ontario, describing it as 
the most difficult planetary mission ever attempted 


The Mars Science Laboratory operations team 
members have to meticulously plan Curiosity’s route 
through the ridges of Mount Sharp 
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“Tt felt like exploration in the days of old. 
We would drive the rover over a hill and 
wonder what we were going to see” 


day our attention was on work, on Mars. So although 
we weren't removed from information about the 
Earth we were there to do a job, and that job was 

on Mars. And once our working hours had rotated 
into the Earth night we grew very disconnected. 

For those three months, we had to put our Earth 
lives on hold until the end of Mars time, and so the 
dissociation eventually just happened. 


To help your team adapt to Mars time you were 
given watches that run slightly slower to match 
the Red Planet's rotation. Is there anywhere we 
can get our hands on a Martian-time watch? 

At the time they were specially made. The first 
were made for Mars Pathfinder, which was in 1997, 
and then when I got mine in 2003 for Spirit and 
Opportunity, they were being made by two local 
jewellers. At the time they were quite inexpensive; 

I had two - one for Spirit and one for Opportunity - 
and they were only $70 (£55) apiece. But now they're 
such a speciality item that a mechanical Mars watch 
is over $400 (£310), however, there are apps for 
Android and digital watches that can perform the 
same function. 


How instrumental do you feel the findings of the 
Mars Exploration Rovers have been in our efforts 
to understand the Red Planet? 

I think they have been very instrumental in our 


understanding of Mars as a whole, but they do fit 
into a larger overall program. Because the rovers 
are on the surface and we can drive them around, 
we can bring a different data set than the orbiters. 
But the orbiters are also key. When we started 
out, we didn't have the HiRISE camera on MRO 
[Mars Reconnaissance Orbiter] with its incredible 
resolution, and at that point it felt like exploration 
in the days of old. We would drive the rover over a 
hill and wonder what we were going to see because 
the pictures from orbit weren't at the level of today’s 
incredible cameras. Now we can get a better sense 
from orbit of where we're going and what's the right 
path to take, which makes us very efficient. And 
secondly the orbiters also make discoveries on their 
own based on their global data set. 

If you imagine trying to understand Liverpool 
by just having a car that’s able to drive around, but 
without a larger picture of the city and Great Britain 
to go with it, it would be difficult. So the rovers, 
the orbiters and even the landers - which don't 
move around, but give us a picture of what's going 
on under the planet's surface - all go together. For 
example, every so often you'll hear people say: “how 
many times is NASA going to announce water on 
Mars?” and you can see how, to the general public, 
it seems like they've heard it all before. However, as 
part of the scientific method, it is reassuring that we 
continue to find evidence that there was once liquid 


“They may be growing lettuce on the ISS, 
but we don't have a lot of experience in 
hydroponics anywhere else” 


water on the surface of Mars in the past and that we 
are able to evolve that story. 

How is the Curiosity rover mission progressing? 
Well, we've been making our way through Bagnold 
Dunes as part of our ascent of Mount Sharp, and 

for me as someone who has been working on the 
rover from before we even landed, it's exceptionally 
gratifying to see the parts of the mission that 

take a long time to happen. When we picked the 
landing site of Gale Crater and saw that there was 
this remarkable dune field surrounding the base of 
Mount Sharp, we had to ask ourselves how we were 
going to get through those dunes. We had to pick 

a decent crossing location and be aware that it was 
going to take a considerable portion of the mission 
to traverse down to a point where we could navigate 
between the dunes safely to continue our ascent. 

So it's been gratifying to have us arrive at a point 
that we've been heading towards for a while now 
and seeing it as a milestone in our exploration story, 
which has been a long time coming. 


What new information will Mars 2020 bring? 
Each rover builds on the previous so this time we'll 
be caching samples taken from the surface of Mars, 
but we'll be leaving them there for the next mission 
to bring back. We'll also be taking equipment that 
can help us take the next step in detecting life, 
which will provide us with the ability to detect 
different kinds of biosignatures. 

We have to be patient, given that we're trying 
to get samples that are going to come back to the 
Earth. These are the samples that generations of 
scientists will be using, the same way that we still 
use the Moon rocks. Our scientists will want every 
last bit of information they can get from Mars before 
selecting a sample, and you can understand that. 
This is going to be their legacy to future scientists 
and students all around the world. For me it is 
very interesting to work on a mission where we in 
operations have an equal standing in designing the 
rover for this historic step in gathering samples, 
which the next rover mission will then come back 
and get - and that will be the hard mission! 


You've spoken before about the rovers acting as 
pathfinders for human astronauts to follow. Do 
you feel that this goal is achievable in the coming 
decades, given what we now know about Mars? 
I do think that it's achievable. It has been achievable 
to send people to Mars for some time now, but it's 
a matter of how many resources the world wants 
to devote to it. One can invest the time and the 
resources to send people to Mars, but often the 
goal is not yet one of colonisation but more likely 
something similar to the permanent presence we've 
had in Antarctica for 100 years, where we have a 
very small scientific research bases. 

Now you could brute force your way to Mars 
using rockets, sending all the needed supplies, 


assembling in orbit and those sorts of things. But 
there's a lot of engineering work that needs to be 
done in parallel to getting humans ready to send to 
Mars. For example, on 2020 we have an instrument 
on the rover called MOXIE (Mars Oxygen In-Situ 
Resource Utilization Experiment), which is going to 
be a prototype that can take in Martian atmosphere 
and pull apart the carbon dioxide to make carbon 
monoxide and oxygen, and that will be the very first 
step on that path. 

I actually worked on that instrument for a while, 
and the idea is that you could scale up from the 
Mars 2020 prototype and then eventually you'd 
be able to send a mission to Mars that can land an 
oxygen production plant on the surface. That could 
then sit there and make oxygen for a couple of years 
until the astronauts arrive. 

So to make Mars sustainable - even in the way 
that we call our bases in Antarctica sustainable - 


Nagin Cox 


there is a lot of engineering work that has to be 
done first. They may be growing lettuce on the 
International Space Station, but we don't have a 
lot of experience in hydroponics anywhere else. 
Also there's the idea of going back to the Moon or 
an asteroid or cis-lunar space as a proving ground 
before going to Mars. Getting there will also be 
down to international cooperation, because to go 
alone just doesn't seem to make any sense. 


Finally, in addition to being a first-gen Martian, 
your namesake asteroid, 14061 Nagincox, is 
shooting through the cosmos. How does it feel to 
have a celestial object named in your honour? 
Even when it’s brought up I'm still so amazed by 

it, and it transpired in such a surprising way. I was 
in Italy with the State Department just outside of 
Florence and I was giving a presentation, and in one 
of those crazy coincidences the discoverers (Ulisse 
Munari and Maura Tombelli from the Cima Ekar 
observatory) happened to be at this lunchtime talk 
in a library, and afterward they rushed the podium 
and said: “we're going to name an asteroid after 
you!” It was such a tremendous honour that I'm still 
beyond amazed. And I'm also really glad it's not an 
Earth-impacting asteroid! 
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Future Tech Antimatter sailing ships 


Antimatter 


Sailing ships 


Our first interstellar probes might sail to the stars on antimatter winds 


The major limitation on space travel is energy. 
Spectacular rocket launches demonstrate how 
much energy is needed just to make the first 
step into space. To travel elsewhere in the Solar 
System takes even more; with present propulsion 
technology spacecraft coast around the planets 
on long minimum energy trajectories. For human 
spaceflight this means months or years of travel in 
cramped conditions, exposed to microgravity and 
cosmic radiation. If we had a way of storing more 
energy we could build something approaching the 
large, fast, comfortable spacecraft of science fiction. 
Interstellar travel will require even more energy 
and the most compact form of energy we know of 
is antimatter. Probably best known from its fictional 
use as the energy source of the Enterprise in Star 
Trek, but antimatter is a real substance. 

Matter is composed of subatomic particles 
such as neutrally charged neutrons, positively 
charged protons and negatively charged 
electrons. Antimatter is the same stuff, but the 
charges are opposite and its tremendous potential 
arises because, when it encounters matter, both 


Hydrogen 


Matter and antimatter 


“Best known from its fictional use as the 


energy source of the Enterprise in Star 
Trek, but antimatter is a real. substance” 


are annihilated and converted from matter into 
energy. Matter is equal to energy in the proportion 
of Einstein's famous equation E=mc?, where E is 
energy, m is matter and c? is the speed of light 
squared. The velocity of light is 300 million metres 
(186,000 miles) per second and an enormous 
amount of energy is stored in matter, about a 
thousand times more than in nuclear fuel and a 
billion times more than hydrocarbons - an organic 
compound that consists entirely of hydrogen and 
carbon atoms. 

The challenge is how such a prodigious resource 
can be used, one you can't actually hold in anything 
solid. However, Gerald Jackson and Steven Howe 
of Hbar Technologies have an idea for both of 
those challenges. From an idea first proposed at a 


Anti-hydrogen 


Matter features positively charged protons and negatively charged electrons, in antimatter the 
charges are reversed; but in addition deeper attributes lead to anti versions of neutral neutrons too. 
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Particle AcceleratorsConference in America, they 
have designed a sailing spaceship powered by puffs 
of anti-hydrogen. Anti-hydrogen is the simplest 
neutral antimatter possible, composed of one anti- 
proton and one positron; Hbar propose to store 
their anti-hydrogen as tiny snowflakes suspended 
in electric fields. If this sounds difficult to scale, 
the ship would only need 17 grams of fuel to reach 
interstellar space over ten years. Yet, at the same 
time, the world record for storing anti-hydrogen is 
38 individual atoms. 

To safely release the energy from 
the antimatter, Hbar propose to eject a spray 
of anti-hydrogen from the front of the spaceship 
fuselage, blowing it at a concave, disc shaped sail 
stretched out ahead of the ship. This is no flexible, 
lightweight polyester like other space sails though; 
Hbar's sail would be a rigid carbon fibre dish, 
coated on the interior with uranium! Uranium is 
the most commonly used nuclear fission fuel, a 
natural occurring element heavier than lead. When 
the anti-hydrogen spray hits the sail the matter- 
antimatter reactions would induce*nuclear fission 
(atom splitting) in the uranium; and it is this 
reaction that would produce a stream of heavy, high 
energy particles zipping away and pushing the sail. 

Hbar have designed a space probe based upon 
their concept, equipped with a five metre diameter 
sail, which they, estimate could reach 10 per cent 
of the speed of light after a year of acceleration; 
this would reach Alpha Centauri in only 42 years 
and probably has less engineering hurdles than 
any other near term interstellar engine. Indeed the 
biggest challenge is getting enough antimatter, 
Hbar are now working on a study for producing 
it with a particle accelerator, but this needs much 
more energy than the antimatter can store. A better 
prospect might be to harvest natural antimatter 
that has been produced by radiation in space, later 
trapped in planetary magnetic fields - including the 
one that emanates from our very own planet. 


Antimatter sailing ships 


Rigid sail 
The Hbar sail would be 
made out of carbon fibre, 
then coated on the inside 
with uranium as fission fuel 
for the propulsion system. 


» Antimatter-induced fission 
When the antimatter spray 
hits the sail, the matter/ 
antimatter annihilation make the 
uranium atoms split, and this 
reaction produces thrust froma 
stream of high-energy particles. 


» Antimatter spray 
Ejected from their force field 
containment, antimatter 
particles would be sprayed 
towards the sail. 


© Alpha Centauri 
An obvious target for our first 
interstellar probes, Alpha 
Centauri is our closest neighbour, 
consisting of three stars around 
4.3 light years away, now known 
to host at least one exoplanet. 


” Antimatter storage 
17 grams of antimatter would 
be kept as frozen flakes 
suspended in electric fields. 


” Fuselage 
In Hbar's space probe design, the body 
of the ship is twelve metres behind the 
sail, for a human carrying version this 
distance would be increased to reduce 
radiation exposure. 


Communications |— 
The 20-minute delay 
SDH anne eee 
ae Tallon “The biggest challenge is 
getting enough antimatter, 


Hbar are now working on 


a study for producing it : 
with a particle accelerator” © 
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What happens: Powerful storms on Mars 
Why it’s not possible: The atmosphere of Mars is 
too thin to support strong winds 


At the start of Andy Weir's book The Martian, and 
the accompanying 2015 movie, our hero Mark 
Watney is left stranded on Mars. The culprit is a 
strong storm, which throws him away from his crew 
and their departing spacecraft. 

While it made for a dramatic opening, sadly this 
moment is very much just fiction. The atmosphere 
of Mars is about one per cent as dense as ours, 
which means wind power is dramatically reduced. 
In fact, it's estimated that the strongest winds on 
Mars are comparable to someone blowing on your 
hand. There's no chance that a human could be 
picked up and moved. In fairness to Andy Weir, he 
admitted it was a stretch to move the story along - 
and the rest of the tale is fairly accurate. 

And storms on Mars can be a problem, notably in 
how they transfer dust. They can coat solar panels in 
a thick layer, making them less efficient at collecting 
sunlight. This is a problem that has hampered rovers 
we've sent to Mars, and it may be something future 
human explorers have to contend with in the future. 
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‘Apotato 
being grown 
_ in Mars-like 

soil on Earth 


Hollywood Space 


Interstellar — 


What happens: Survival in a black hole 
Why it’s not possible: The laws of physics suggest a 
grim end for anyone who enters a black hole 


Towards the end of this movie, our protagonist Coop 
(Matthew McConaughey) finds himself hurtling into 
a black hole called Gargantua. After crossing the 
event horizon, he ejects from his failing spacecraft, 
and ultimately ends up in a weird four-dimensional 
environment. But, back up, would he have survived 
that fall into the black hole? Based on our current 
understanding of physics, probably not. 

As a refresher, a black hole is essentially an 
incredible dense singularity surrounded by a region 
from which nothing, not even light, can escape. 

At the edge of this region is the event horizon, the 


create a ring of 
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ALIEN 


Hyper sleep 


Cryogenic suspension 
culative area of 
ived, but 


e 
is currently 2 SP 
ce and fish have been rev 
not yet possible 


technology 
science: Mm 
freezing humans 'S 


32 


boundary of no escape. Further out, most galaxies 
are thought to have swirling and superheated rings 


of debris as stars are’pulled inwards and torn apart. 


Assuming you could get past this region, things 
get physicsy. For a small black hole, before getting 


anywhere near the centre you'd be'pulled apart ito» — 


spaghetti, as the gravity at your feet would be so 
much stronger than at your head. For a larger black 
hole, you would sort of split in two. An observer 
would see you be torn apart, whereas for you, it. _ 
would be a slow and gradual fall to the singularity: 
This is a weird quirk of physics that we haven't 
entirely solved, and truth be told we.don't know 


‘what exactly happens at the singularity. Who knows, = | 


maybe there's a four-dimensional bookcase there. 
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SUNSHINE 


The Sun is dying 
Our Sun 


An artist's 
impression of 
the exoplanet 
Kepler-452b 


What happens: Habitable exoplanets exist 
Why it's possible: We've found 1,000s of planets 
outside our Solar System, and some may be like Earth 


The main storyline of Interstellar is that our intrepid 
crew has travelled to another planetary system that 
has multiple rocky planets. Their goal is to find 
which one of these worlds might be most suited to 
human life, and send a message home. 

It might seem a bit far-fetched, but the potential 
for other habitable planets is very much rooted in 
science. In the last 20 years, we've found 1,000s of 
planets outside our Solar System, some of which are 
rocky and orbiting in the habitable zone of their star, 
where temperatures are just right for water. 

We haven't found a planet exactly like ours yet. 
That is, we haven't found an Earth-like planet of 
a similar age around a Sun-like star. But we have 
found potentially habitable planets around smaller 
stars, like the TRAPPIST-1 system, or much older 
planets around Sun-like stars, like Kepler-452b. 

We're currently building a new era of Extremely 
Large Telescopes (ELTs). They will in part be used 
to study the atmospheres of distant worlds, and 
perhaps find out if they are suitable for human life. 


Aliens arrive at Earth 
The odds suggest we might not be 
alone in the universe... 


Okay, bear with us. We're not suggesting aliens 
are suddenly going to arrive at Earth in massive 
spaceships, like in the 2016 movie Arrival. What we 
are suggesting, however, is that because there are so 
many planets in the universe, there's a decent chance 
we are not alone. 
In our own galaxy, it’s estimated that there are 
around 100 billion stars. Each of these is thought to 
play host to at least one or several planets on average. 
While we don't know how many of these could be 


Death on Mars 
Being exposed to Martian air 
would be fatal, but not in the way depicted 


In the 1990 movie Total Recall, our protagonist 
Douglas Quaid (Arnold Schwarzenegger) has a bit of 
a facelift when he is exposed to the Martian air. His 
eyes bulge out, his face expands and he turns a deep 
crimson as he struggles to breathe. 

This particular scene has been picked apart 
multiple times by scientists over the years, and with 
good reason. You see, this is not a realistic depiction 
at all of what would happen if you were exposed to 
the atmosphere of Mars, or to space itself. 

The change in pressure between being in an Earth- 
like environment and on the surface of Mars (or even 
in space) is simply not enough to cause your eyes 


to bulge. Your 


held in rather nicely by your skin. And t 


won't fry you i 


mmediately. 


Instead, you will pass about in about 


due to a lack o 


blood is also unlikely to boil, being 


he Sun's rays 


5 seconds 


f oxygen. Your lungs will 


hen start 


pulling oxygen out of your blood, causing hypoxia. 


After a couple 
ruptured, you'l 


of minutes, if yo 


actually start to boil. 
However, there's always the possibility that Quaid 

dreamed everything that happened in Total Recall. So 

maybe it was just his own nightmare... 


ur lungs haven't 
be dead when your blood does 


Hollywood Space 


habitable, the fact there are hundreds of billions of 
planets bodes well. Plus, our galaxy is just one of 2 
rillion in the universe. 

But if life is really out there, where is everyone? 
That's a problem known as the Fermi Paradox, which 
postulates that if life is so abundant, we should have 
found someone else. There are a number of possible 
explanations, but the two most likely are that we 
haven't looked hard enough yet, or life is incredibly 
are. Perhaps the evolution of an advanced civilisation 
on our planet is a one in a trillion occurrence. 

At any rate, we probably can't expect any visitors 
any time soon. 


There's got to be someone 
else out there, right? 
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Everything 
There are at least 168 
scientific inaccuracies in the 150 minutes of this movie 


In the 1998 movie Armageddon it's discovered that an 
asteroid the size of Texas is on a collision course with 
Earth. A team of miners launch on a pair of Space 
Shuttles, and detonates a nuclear bomb inside it, 
splitting the asteroid in two and sparing Earth. 

So, what's wrong? While we can't go through 
everything, we'll pick out a few things. There is no 
way an asteroid of this size would sneak up on Earth Space Shuttle 
undetected. Texas is about 1,400 kilometres (870 ; Atlantis launches 
miles) across, but the largest asteroid we know of is in 2010 “ae 
only 900 kilometres (560 miles) across. Also, if the Cape fe ica 
asteroid really was this big, then there’s no way a 
simple nuclear bomb would spit it in two, especially ~ ae . |“ 
not in time to miss Earth when it’s just hours away. rm 4 
To do that, you'd need a billion nuclear bombs or so, ; ; 
which is probably not too feasible. ' : ' \ } 

The movie shows fire in space when there's no : : / 
oxygen for that to happen. Two Space Shuttles are 
launched precariously side by side in a move NASA 
would never allow. We could go on. But we would be 
here all day. And probably the rest of the night. 
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Gravity | 


Space junk poses a huge 
threat to astronauts and 
us on here on Earth 


: 


What happens: Space junk collides too dense with man-made objects, there 
Why it's possible: Enough space junk could was a significant risk of collisions. Ina 
cause a runaway chain of events around Earth worst-case scenario, some orbital zones. 


All hell breaks loose in Gravity when a around Earth could become completely 
Russian missile strike on a defunct satellite unusable due to the amount of debris. — J 
causes a chain reaction in Earth orbit. More In 2009, the US Iridium 33 satellite T 
and more satellites are hit and destroyed, collided with the defunct Russian Kosmos RED PLANE 
creating a cloud of debris. 2251 satellite, destroying both and : 

While the exact logistics of this are producing a huge amount of debris. - Terraforming Mars 
flawed, the idea of a chain reaction in There are millions of pieces of debris if Although beyond oa 
Earth orbit is a very real threat. It’s known Earth orbit, and we're constantly adding t abilities or resources. itis peers 65 
as the Kessler syndrome, proposed by more. The possibility of a Gravity-like e a e could one day terraform y 


ae a: ; feasible that w a 
NASA scientist Donald Kessler in 1978. He is certainly increasing, although perha thickening its atmospher 


suggested that if low Earth orbit became not on the scale the movie depicts. 


d warming the planet. 
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Passengers 


Breakthrough Starshot 
wants to send a laser-driven 
Sail to our nearest star 


What happens: Interstellar travel 
Why it's possible: It might take a while, but we can 
theoretically get to planets in other systems 


In Passengers, 1,000s of people are sent on a 120-year 
voyage to another planetary system, travelling at 50 
per cent the speed of light. If we are going to ever 
become an interstellar species, this is probably how. 
As far as we're aware, there isn't a way to move 
faster than the speed of light. Warp travel has often 


been touted, bending the fabric of space to jump to 
different regions of the universe, but this remains 
very much hypothetical. 

However, if you've got a bit more time, interstellar 
travel is feasible. Using an advanced form of 
propulsion like a nuclear or antimatter drive, a large 
ship could accelerate to great speeds over time. If a 
crew were put into stasis, they could then be woken 
up on arrival at their destination. 


A bizarre astronaut death 
An unexplainable force seems 
to pull this astronaut into space 


In Gravity, Sandra Bullock and George Clooney are 
clinging on to the ISS for dear life. Stone has a tether 
attached wrapped around her foot, and is struggling 
holding a tether attached to Clooney, who's drifting 
away. He sacrifices himself so that she can get back. 

That’s not how angular momentum works. Both 
astronauts are stationary relative to the station. 
There's no magic force pulling Kowalski away - all 
three objects are moving at the same speed. All 
Stone would need to do is gently tug on the tether, 
and Kowalski would have drifted towards her. 

But you could have improved the scene. Perhaps 
Stone and Kowalski could have lost grip of the 
tether, and been left floating mere metres away from 
the station. Kowalski, in a moment of self-sacrifice, 
pushes away from Stone so that she drifts towards 
the station, and he drifts off into space. Alas, we 
were given some rather dodgy physics instead. 


Hollywood Space 


If you want to send something smaller, you could 
use directed energy propulsion. This involves firing 
a powerful laser at an object, perhaps an extremely 
thin sail, to send a probe to another system. 

In fact, there is currently a project called 
Breakthrough Starshot hopes to do this in the near 
future, sending a tiny probe to Proxima Centauri, our 
nearest star at 4.2 light-years away, with a travel time 
of around 20 years. 


Astronaut Scott Kelly 
pictured attached to the 
International Space Station 
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POSSIBLE REMAINS Sal oy 
DESTROYED PLANET . 


The asteroids that follow the Red rs 


p 
. 
Planet around its orbit could be ¥ YF 
>. 
fragments of a smashed-up world are 
Analysis of the composition of two Trojans that trail in @ e % | L 
the wake of the Red Planet suggests that they could be bad -* 4 , j 
fragments of a mini-planet that were eviscerated in a e aC * 
violent collision. Some of this planet could have been e - 3 


incorporated into the material that became Mars. 
Trojans are distinct from asteroids usually found in the 


asteroid belt, which starts some 101 million kilometres © ° 
past Mars, stretching toward Jupiter. These chunks of a 
space rock orbit the Sun, but are trapped in gravitational 

sweet spots that will always ensure that they will ° 
permanently trail or precede the Red Planet, since they . 


are sitting at Lagrange points - a region in space where 
the gravity of two large bodies work together to create a 
stable region for a third. 

These Trojans were originally thought to have 
formed in the early history of the Solar System, when 
planetesimals were colliding left, right and centre. There 
is one particular family of Martian Trojans, called the 
Eureka family, which Apostolos Christou, of the Armagh 7 
Observatory and Planetarium in the UK, has studied with 
surprising results. 

The spectroscopic data collected showed that these 
Trojans shared a common, and very rare, composition 
- they contain the mineral olivine, which is usually 
found in planetary mantle, the layer between a world's 
crust and outer core. This detection implies that these 
bodies are fragments from a planet, it is possibly leftover 
mantle from Mars or a planetary ancestor, and this 
could shed some light on the early years of the Solar 
System. Christou explains: “These asteroids might well 
be samples of the original building blocks that came 
together to form Mars and the other terrestrial planets.” 

With the asteroids being confined to the same area, Asteroid Belt ® ° 
and having a common mineral that is only:produced e % 
under a planet's surface, it is most likely they're remnants @ 
expelled from a planetary collision. They could, beifrom y 
Mars, and this could help understand how Mars was 
treated during the early Solar System. It could, on the e 
other hand, be a completely different planet, obliterated 
into relatively tiny pieces before it could stabilise. 
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Focuson Mars Trojans 


“This detection 
implies that 
these bodies are 
fragments from 
a planet, it is 

_ possibly leftover 
See ‘ mantle from Mars” 
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Detecting a black hole isn't hard, but taking a picture of one 
is almost impossible. That is, until astronomers set up the 
Event Horizon Telescope to peer into the unknown 


Written by Luis Villazon 


In April this year, more than a thousand computer 
hard disks were air freighted from seven 
observatories on three continents to data processing 
centres in the United States. Between them, these 
disks carried more than three petabytes of data. 

* That's more than you would need to store every 
Hollywood movie ever made, including all the DVD 
bonus features. But it will be barely enough to create 
a single blurry image of one of the most elusive 
objects in the universe: a black hole. The data for 
this tiny snapshot comes from a telescope almost 


AN 
“ 


~ TO, 


* the size of the planet - the Event Horizon Telescope, ee 


or EHT for short. 

Black holes come in two main varieties. Stellar 
black holes form when a large star runs out of fuel 
and explodes as a supernova, blasting away its 
outer layers and collapsing in on itself under its 
own weight until it has zero volume and forms a 
singularity in space-time. Because they blast away. 
most of their initial mass when they explode, even 
very large stars can end up as relatively small black 
holes. The largest stellar black hole we know of is 


* 
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Heart of a black hole 


about 30 times the mass of the Sun and the smallest 
is just ‘4-10 times the mass. But there is another 
" distinct class of black hole called the supermassive 
black hole. There is still some debate about how 
these objects form, but according to Professor Fulvio 
Melia of the Steward Observatory at the University 
of Arizona, it's possible that they are just older. 
“Supermassive black holes had much more time to 
grow, since their seeds were presumably formed 
around 400-600 million years after the Big Bang. 
But to grow to their current size, they had to have 
been suitably placed in regions with a lot of gas to 
accrete, in other words in the nucleus of galaxies.” 
This head start means that supermassive black holes 
can be many millions of times more massive than 
a stellar black hole. The supermassive black hole at 
the centre of our galaxy, called Sagittarius A* is more 
than 4 million times the mass of the Sun. 


Despite its huge size, no one has ever directly 
imaged Sagittarius A* through a telescope, and that 
is not because black holes are invisible. Despite their 
name, black holes cause the expulsion of enormous 
amounts of radiation. Of course, nothing escapes 
from inside the event horizon, but the region just 
beyond this radius can be a seething cauldron of 
activity. As dust and gas spirals into the black hole, 
particles are accelerated to almost the speed of light, 
and this causes them to blast out radiation. How 
brightly this accretion disk shines depends directly 
on how much falls into the black hole, says Professor 
Heino Falcke, a lecturer of Astroparticle Physics and 
Radio Astronomy at Radboud University Nijmegen 
in the Netherlands. 

“With the equivalent of one Sun per year, [falling 
into a supermassive black hole], it would emit 1,000, 
billion, billion, billion gigawatts, which is roughly 


"To grow to their current size, they had to 


* have been suitably placed in regions with a 


lot of gas to accrete” ois: Puvio wer 


Target: Milky Way 


; Sagittarius A* 
It's difficult for astronomers to observe 
the centre of our galaxy due to the dust 
between it and us. In order to peer into 
its black hole - Sagittarius A* - we need to 
use radio wavelengths - the spectrum that 
the Event Horizon Telescope operates in 


_ Space-time 


The fabric of the universe is 
comprised of three-dimensional 


. space fused with time 


The supermassive giant at the centre of our 
galaxy, Sagittarius A* is the prime focus 


200 times the output of the entire Milky Way. But 
the black hole at the centre of the Milky Way emits 
much less - around a hundred times the output of 
the Sun, mostly as radio and X-rays.” That's because 
very little matter is currently falling into it, says 
Professor Falcke. “The fact that Sagittarius A* is 
much fainter than this shows that a black hole is 
not always the master chef of the galactic crock pot. 
It can only cook up what happens to be in, its local 
vicinity. This is a black hole on a starvation diet!” 
As well as being faint, Sagittarius A* is about 26 
thousand light years away. At that distance, even 
the 305-metre Arecibo radio telescope in Puerto 
Rico will just see a black hole as a single point 
source of energy. To even contemplate taking a 
picture detailed enough to show the event horizon, 
you need to use Very Long Baseline Interferometry 
(VLBI). 

“Very Long Baseline Interferometry works by 
combining the data from multiple telescopes,” 
explains Professor Falcke. “The incoming photons 
are digitised and stored on a hard disk as virtual 
copies. We can then replay the data from each 
telescope and make them behave as if they had 
come through a single, much larger telescope. 


_ Magnetic field 
Further evidence for possibly 
entangled magnetic field lines 
was reported in early 2015, 
when an X-ray flare some 
400 times brighter than usual 
erupted from Sagittarius A* 


Heart of a black hole 


How the Event Horizon 
Telescope will work 


The planet-sized array will use cutting-edge 
technology to reveal the edge of a black hole 


~ Event horizon . 
Beyond this 
radius, the escape 
velocity exceeds 
the speed of light. 


Cloaking Device “4 
Everything inside the event 
horizon of a black hole is forever 
hidden from view, because not 
even light can escape. But just 
outside this, the matter spiralling 


inwards shines brightly. © Polar jets 


Spinning black « 
holes spew jets of 
ionised matter at 
relativistic speeds, 
from each pole. 


Accretion disc — 
Dust and gas gets accelerated 
almost to the speed of light. 


The core of the Milky Way, seen from the Chandra 
X-ray Observatory 


Gravitational lens 
Light that passes close to the 
event horizon gets deflected, as 
if it was passing through a lens. 
This warps the circular accretion 
disk from our point of view. 


Faceon — 
If the accretion disk is 
nearly perper(dicular 
to us, the gravitational 
lens effect is small. 


Supermassive black holes are often found at the 
centre of galaxies and posse§s strong magnetic fields the image is bent 


upwards, showing us 


behind the black hole. 
oe 
Glowing banana 
Matter orbits so fast close to the ; “a it 
black hole that the radiation ba) Brighter region 
shifts wavelength from one side The side shifted towards 
detectable wavelengths 


to the other, making it brighter 


or darker to us. appears brighter to us. 
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Blue shift Red shift 
Light moving towards Earth : Light moving away from 
gets squashed towards * : Earth is stretched into 
The CARMA telescope array provided vital early data shorter wavelengths. . longer wavelengths. 


for the Event Horizon Telescope A 
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Heart of a black hole 


These observatories 
have joined up, like 
Voltron, to form a 

_ single supertelescope 


Combined Array for Research in 


millimetre-wave Astronomy (CARMA) 


Location: Cedar Flat, California, USA 
Size of array: 23 telescopes, 10.4m-3.5m 
Owned by: Caltech 
The CARMA array was used for some of the 
initial measurements to determine the 
size of the event horizon at 
Sagittarius A*. 


James Clerk Maxwell Telescope (JCMT) 


Location: Mauna Kea, Hawaii, USA 
Size of telescope: 15m 
Owned by: East Asian Observatory 
Operating since 1987, the JCMT is the one of the 
largest single dish radio telescopes designed 
to specifically operate at wavelengths 
shorter than Imm. 


Arizona Radio Observatory 


Submillimetre Telescope 


Location: Mt. Graham, Arizona, USA 


Size of telescope: 10m 


Owned by: Steward Observatory, 


University of Arizona 


The summer weather is too moist for 


short wavelengths to penetrate 


Submillimetre Array (SMA) 
Location: Mauna Kea, Hawaii, USA 
Size of array: 8 telescopes, 6m each 
Owned by: Smithsonian Astrophysical 
Observatory, and Academic Sinica Institute 


The SMA uses interferometry to combine the 


signals gathered by each dish to give an 
effective aperture of 509m for 
4 the whole array. 


Large Millimetre Telescope 
Location: Sierra Negra, Mexico 
Size of telescope: 50m 
Owned by: National institute of Astrophysics, 
Optics and Electronics, University 
of Massachusetts 
Mexico's largest scientific project, it is 
integral in improving the ’ 
EHT's array. 


Caltech Submillimetre Observatory (CS 
Location: Mauna Kea, Hawaii, USA 
Size of telescope: 10.4m 
Owned by: Caltech 
The data gathered here was used to refine 
early measurements by the EHT project, and 

also to push ahead the construction 

of much larger radio 

telescope arrays. 


IRAM 


Location: Sierra Nevada, Spain 
Size of telescope: 30m 
Owned by: Institut de 
Radioastronomie Millimétrique 
The observatory operates 24 hours a day on 
every day of the year and still 
only has time for one third of 
the projects. 


: | 
Atacama Submillimetre 
Telescope Experiment (ASTE) 
Location: Pampa La Bola, Northern Chile 
Size of telescope: 10m 
Owned by: National Astronomical 
Observatory of Japan 
Jointly run by several Japanese 
and Chilean universities, it's 
operated in Japan 


The 10m South Pole Telescope will * 
: soon expand the coverage of 


12,600km 


Atacama Pathfinder Experiment (APEX) 
Location: Llano de Chajnantor, Northern Chile 
Size of telescope: 12m 
Owned by: European consortium 
The Atacama desert is one of the driest places 
on Earth, which is ideal for sub-millimetre 
radio astronomy. At 5,100m, this 
telescope also sits at the highest 

es altitude in the array. 


Heart of a black hole 


There are gaps in between, but this doesn’t mean 
we have gaps in the image; it means we have 

a blurrier image, like a compressed JPEG.” The 
Event Horizon Telescope is actually a collection of 
telescopes positioned around the world. In 2007, 
the project had just three sites in Hawaii, Arizona 
and California but it was still able detect a structure 
around Sagittarius A* that matched predicted sizes 
for the event horizon. Every year since then they 
have added more observatories to improve the 
resolution of the image they receive. “Since 2007 we 
have made the first detection of ordered magnetic 
fields around Sagittarius A* [as well as] asymmetric 
structure around the black hole,” says Dr Sheperd 
Doeleman, Director of the EHT project. 

But even the EHT wouldn't be able to see 
Sagittarius A* were it not for the gravitational lensing 
effect of the black hole’s enormous gravity. This \ 
distorts the light shining from behind the black hole 
to create a shadow of the event horizon that appears 
around five times wider from our perspective. 

The EHT has measured the visual diameter of this 
shadow at 37 micro-arcseconds, but until now there 
haven't been enough telescopes in the array to 
supply the amount of data to actually produce an 
image of it. Then, in April this year, the EHT ran 
observations over five nights with seven telescopes 
that combined to give an image resolution of 20 
micro-arcseconds. This is just barely enough, 
according to Professor Melia. “Trying to image the 
shadow is like trying to image a grapefruit on the 
Lunar surface. In order for us even get to the point 
where we have eight pixels across the shadow, we 
need to use the whole Earth as an aperture.” 

3 million gigabytes of data for an image eight 
pixels across might seem excessive, but that’s 
because of the incredible precision with which 
the telescopes record the faint signal. Eric Agol 
is Professor of Astronomy at the University of 
Washington, “The radio waves are very high 
frequency, which means that there is more data to 
record during a given time span, and so even after 
compressing the data, there is still a huge amount to 
record, It's analogous to writing down the notes of a 
song versus recording the entire song,” he explains. 
“A typical telescope just records the photons (like 
musical notes), while VLBI needs to record the radio 
waves (like sound waves of music).” According to 
Professor Falcke this digitising technique quickly 
inflates the amount of data. “The EHT uses 2-bit 
sampling, so each photon is converted to a 0, 1, 2 or 
3, depending on the amplitude of the signal. Each 
telescope takes eight billion samples per second in 
two different polarisations at once. Over the course 
of one night, a telescope might generate six to eight 
hours of data and there are seven telescopes at six 
locations in the EHT.” 

As well as Sagittarius A*, there is one other 
supermassive black hole that is in range of the EHT. 
It lies at the centre of the M87 elliptical galaxy in 
the constellation Virgo. This is one of the largest 
galaxies in the universe and its black hole is 1,500 
times larger than ours. Unfortunately, it is also 
2,000 times further away, so from our perspective 
it appears slightly smaller than Sagittarius A*. These 
are the only two black holes in the known universe 
that are near enough and big enopgh to be imaged 


43 


Heart of a black hole 


The supercomputer at the Atacama Large Millimetre 


Array correlates signals from each dish 


Galaxy M87 contains a supermassive black hole that's 


within reach of the Event Horizon Telescope 
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Conservation of angular 
momentum forces matter 
to spiral faster and faster 
as it falls inward 


“With VLBI... a complex algorithm needs 
to be applied to the data for a picture to 
be generated” pierre christian 


by the EHT and even then it requires perfectly 
clear skies across all the participating observatories 
simultaneously. The EHT project also has to 
compete for telescope time with hundreds of other 
research teams. April's observations managed two 
full nights of data gathering for each of these black 
holes. Storing the results at the high altitudes of the 
observatories also required special eight-terrabyte 
hard disks filled with helium gas to offset the low 
atmospheric pressure. 

One of the team responsible for wrangling all this 
data into a usable picture is Pierre Christian from 
the Harvard Smithsonian Center for Astrophysics. 
“With VLBI, astronomers do not automatically geta 
picture from their data,” says Christian. “A complex 
algorithm needs to be applied to the data for a 
picture to be generated. Another difficulty is the 
fact that the wavelength chosen for the experiment 
is such that atmospheric effects generate a lot of 
noise in the data. A large amount of effort has been 
undertaken by the EHT team to address these 
massive challenges.” 

This may seem like a lot of work for such a low 
resolution picture, but the quest to image the event 
horizon is about much more than bragging rights. 
It may provide visual confirmation of Einstein's 
theory of general relativity. Dr Geoffrey Bower 
is Chief Scientist for Hawaii Operations for the 
Académica Sinica Institute for Astronomy and 
Astrophysics. “General Relativity predicts that we 
will see a crescent shaped image with a diameter 


that is determined by the mass of the black hole. But 
what we will [actually] see depends a lot 6n what 
the gas and energetic particles near the black hole 
are doing. Are they flowing towards the black hole 
in a smooth structure? Are they clumpy? Is there 
material jetting away at close to the speed of light? 
All of these things could be happening at once or at 
different times. This is part of why the experiment 
is so exciting to carry out. We are looking at this 
environment for the very first time.” 

The EHT team will not have a processed image 
ready until the end of the year at the earliest, but 
Professor Falcke warns that the first pictures may be 
slightly disappointing. “A slowly spinning black hole 
at a modest angle to us should have a shadow that 
looks like a banana but the final image might look 
like an ugly peanut. In order to improve on this, the 
EHT might need to average the data from several 
years’ observations and add a few more telescopes. 
Africa doesn't have a millimetre [wavelength] 
telescope, for example. Adding one will cost around 
$10 million but this seems reasonable to grow a 
peanut into a banana.” 

In the future, the EHT could also be upgraded 
by using radio telescopes in orbit, increasing the 
aperture further. But the fundamental physics of 
optics mean that these two black holes might still: be 
the only ones we can ever take pictures of. Yet this 
doesn't diminish the quest's value. “Understanding 
the physics of one black hole tells us the physics of 


_ all black holes,” concludes Bower. 


What we're | 
expecting to see 


The Event Horizon Telescope will build © 
an image of Sagittarius A’’s ‘point of no return’ 


Heart of a black hole 
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An exoplanet located a short 40 light years away has 
been hailed as the most Earth-like world ae aie 
; SO far, but could we survive on its surface 
Written by Lee Cavendish 
“ss As you stand looking at the sky on a cold winter's between ten to 30 per cent the mass of our Sun and 
. s night, you can make out the constellation of Cetus, are within 100 light years. Although M-dwarfs are 
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the Sea Monster, and in particular its brightest star 
named Deneb Kaitos. In a patch slightly above this 
star, 40 light years away, is a faint, small red dwarf 
called LHS 1140. This is the stellar parent of newly- 
discovered world, LHS 1140b, a super-Earth that's 
suspected to harbour life. 

The parent star, LHS 1140, is around 20 per cent 
the size and less than one per cent as luminous as 
our Sun. As this star is only 40 light years away 
from us, the MEarth team was able to identify and 
study it originally. The aim of MEarth is to discover 
habitable exoplanets (planets orbiting a star outside 
our solar system), however they're monitoring 
exoplanets around specific M dwarf stars, which are 


stars much less massive and less luminous than our 
Sun, they make up 75 per cent of the population of 
the stars in the galaxy. 

Funded by the United States National Science 
Foundation (NSF), MEarth has a northern array 
of eight 40-cm telescopes at the Fred Lawrence 
Whipple Observatory in Arizona, USA. There is also 
a southern array of eight more telescopes at Cerro 
Tololo Inter-American Observatory in Chile. 

In 2014, MEarth-south detected and studied the 
light coming from LHS 1140 and deduced there is 
a noticeable exoplanet orbiting the low mass star 
based on photometric transit methods. In the same 
year, MEarth observed the brightness of LHS 1140 
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vary, as LHS 1140b eclipsed its host star causing 
a large drop in brightness, notifying MEarth to a 
possible exoplanet. 

Once the possible exoplanet had been detected, 
further studies were conducted by the High Accuracy 
Radial velocity Planet Searcher (HARPS) at the 
European Southern Observatory's (ESO) 3.6m La Silla 
Observatory. The radial velocities were measured to 
not only confirm LHS 1140b as an exoplanet, but also 
provide more precise detail. 

The properties deduced for LHS 1140b were to 
a very high certainty and got a lot of astronomers 
very excited, especially Dr Jason Dittmann of the 
Harvard-Smithsonian Centre of Astrophysics and 
lead scientist of the discovery, as he says: “We could 
hardly hope for a better target to perform one of the 
biggest quests in science - searching for evidence of 
life beyond Earth.” 

When claiming there is an exoplanet similar to 
Earth, an astronomer needs to ask him or herself: 
what is needed for a planet to be habitable? It goes 
without praise, but Earth has numerous complicated 
mechanisms that are essential for accommodating 


he 


not just simple life, for example planet life and 
bacteria, but intelligent life. 

Our world, covered in rock and water, has allowed 
the most intelligent life known to undergo Darwinian 
evolution throughout millions of Earth years, but 
this didn't happen by accident. For instance, we have 
a star that emits ideal radiation that is absorbed by 
planet life to organically produce breathable oxygen 
via photosynthesis; furthermore the radiation is 
also absorbed and re-emitted by our atmosphere's 
‘greenhouse effect’. 

The greenhouse effect has helped maintain a 
temperature for Earth that has enhanced us, but 
this greenhouse effect can only be sustained with 


the help of plate tectonics. Plate tectonics are only 
possible due to the molten core at the centre of our 
Earth, this causes the surface that we stand on to 
move around and collide, creating the volcanoes and 
mountains that pepper our planet's surface. Our core 
also protects us from the harmful rays of the cosmos, 
as the Sun and other stars send harmful rays towards 
us, the magnetic field it generates keeps us safe. 

The first thing to carefully consider is the radiation 
from LHS 1140, and how this would affect the planet 
and life on LHS 1140b. To 
begin with, the rays from 
LHS 1140 have far less 
energy than our Sun's 


“We could hardly hope for a 
better target to perform one of 
the biggest quests in science" 


Dr Jason Dittmann 


LHS 1140b 


In the Goldilocks Zone 
Where water can exist as a 
liquid, the Goldilocks zone is 
the perfect spot. 


Intense gravity 
If you were to walk around on this 
planet, the gravity would feel like 


carrying a sumo wrestler on your back. 


Solid, rocky composition 
Being over six times more 
massive than Earth, LHS 1140b 
most likely has a rocky composite 


Twice the size of Earth 
Being 50 per cent larger than 
Earth, LHS 1140b eclipses a 
large portion of its parent star. 


Close to a cool stellar dwarf 


LHS 1140b sits extremely close 
to its M-dwarf star, which is much 
cooler than our Sun. 
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rays. "M-dwarf stars release more of their radiation at 
the red and infrared end of the spectrum,” Professor : 4 
David Charbonneau of Harvard University tells All ope onthe 
: a ; : HARPS spectrograph 
About Space. “This low energy radiation will also ’ : Ps fentie ultimate 
cause the planet to be very dimly lit, so make sure ene tes planet hunter 
you bring a torch!” eh . 
Although the star's rays have less energy, they 
still release copious amounts of ultraviolet radiation, 
which can potentially damage life. The good news is, 
that as this star appears relatively old (over 5 billion 
years old), the radiation should be less intense and 
less damaging for the planet. 
Plant life on LHS 1140b would be very different 
from what we know on Earth because of the 
radiation - if we assume plant life can exist on this 
planet; the radiation will completely change the 
photosynthesis process. “There is a lot of interesting 
work talking about how photosynthesis might work 
for plants on planets orbiting M-dwarfs,” explains 
Dittmann to All About Space. “Since there isn’t a lot 
of optical photons hitting the surface, chlorophyll 
might not work efficiently and maybe planets would 
need to find another way to get the job done.” So 


ESO's 3.6m telescope 


Where the water's just right 

The Earth is perched in the Sun's habitable 
zone at a distance of 150 million kilometres 
(93 million miles) away, where temperatures 
are just right for liquid water to exist. 
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Gravity suitable for life 
All lifeforms - from humans to insects 
- owe their appearance in part to 
gravity, which has an acceleration of 
9.8 metres per second. 


The perfect combination 
Rock and liquid is essential for 
life to thrive, and Earth has 
both in abundance. 


Earth's size 

From the Earth's core to 
the surface, you can fit 720 
Mount Everests.inside it. 


Orbit around a hotter star 
As our Sun is a yellow dwarf it 
sizzles at a surface temperature 
of 5,505 degrees Celsius (9,941 
degrees Fahrenheit). 
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Investigating an Earth-like world 


LHS 1140b is slowly becoming a familiar world with the help of ground- and space-based telescopes 
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La Silla Observatory 


Also in Chile, there is the La Silla Observatory, present is 


The beginning 
LHS 1140b was 


the 3.6m telescope fitted with the HARPS spectrograph. The discovered by the The brightness of 
MEarth team required further information, so by observing MEarth team in the star was plotted 
the stellar ‘wobble’ of LHS 1140 caused by its exoplanet, 2014, thus began against time to 

LHS 1140b was confirmed and its properties determined. the analysis. produce a light curve. 


3 Follow up Checking the 
observations spectrum 
La Silla made crucial —_ La Silla's HARPS 
observations to instrument was 


confirm, and further used to analyse the 
analyse, LHS 1140b. — world's spectrum. 


. 


The stellar | 
_ ‘wobble’ 
The spectra analysis 
produced v dial 


“Water is the most common 
molecule... and we've found it 
in lots of places we consider hot 
and atmosphere-less” px jason vittmann 


Noticing the 
potential 
From these graphs, 
orbital and physical 
properties of the 

star and planet 
were determined. 


MEarth South 
The MEarth South site is 
situated at the Cerro Tololo 
Inter-American Observatory, 
Chile. [t contains eight 40cm 
telescopes, all of them sensitive 
to red optical and infrared light. 
In 2014, the MEarth South team 
was notified to the eclipse of 
LHS 1140, as the brightness of 
the star varied periodically. 


Transit method 


© The exoplanet cannot be seen 
Before it passes in front of its star, the 
light curve shows maximum brightness. 


-@ 7 Centre of mass ® ® Doppler Effect: Redshifted 


Where the point in space- As the star moves away from 
time where the mean mass of us, its wavelength is stretched 


Begin the © Full eclipse the star and planet are equal. causing a lower frequency. 


blocking When the complete 
The brightness exoplanet is 
of the star starts blocking the star, 
to decrease as the light curve 
the star begins is at minimum 
its eclipse. brightness. 


ctrum of a star © Doppler effect: Blueshifted 
© The light curve This standard spectrum When the star travels towards us, 
A light curve is when the light collected shows the absorption lines of the wavelength is shrunk causing 
from the star is plotted against time. molecules present in the star. a higher frequency. 
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FUTURE 


James Webb Space Telescope (JWST) 
The JWST is being purpose-built to intensely study exoplanet atmospheres, and hopefully unveil the 
fundamental molecules required for a hospitable environment. With a 6.5m primary mirror and the latest 
mid- to near-infrared equipment, data will be collected that will be clearer than ever before. 


The secondary 
mirror 

The light from LHS 
1140b is directed 
from the secondary 
mirror to the JWST 
instruments. 


The world's largest / 
space telescope 


With a 6.5m primary / 


mirror, the faintest 
infrared light from LHS 
1140b will be studied. 


Maximum efficiency 
With 18 hexagon mirrors 
coated in gold-plated 
beryllium metal, the JWST 
will have tremendous light- 
capturing efficiency. 


> v 


Science Instrument 
Module (ISIM) 

This is the house of the 
JWST equipment that 
will be analysing LHS 
1140b’'s atmosphere. 


WHAT IS THE JWST LOOKING FOR? 
¢ Water Vapour (H20) 


e Methane (CH,) 
¢ Ammonia (NHs3) 


¢ Carbon Monoxide (CO) 

¢ Carbon Dioxide(CO,) 

All these elements were present in Earth's early 
ages, and are vital for the ‘greenhouse effect’. 


a 
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instead of the bright sky overlooking a nice green 
field on Earth, similar to the classic Microsoft 
Windows XP background picture, you would instead 
see a dimly-lit sky over a black field of grass, looking 
more like something out of a horror movie. 

Although LHS 1140b lies extremely close to its star, 
at a distance that’s even closer than Mercury is to 
our Sun, the planet sits in the star's habitable zone, or 
Goldilocks zone. This region is where water can exist 
in liquid form, like it does on Earth. This means the 
planet isn’t too close to the star for water to boil, and 
it isn't too far away, causing water to freeze. As LHS 
1140's radiation has much less energy than our Sun's 
radiation, the planet’s Goldilocks zone lies extremely 
close to the star. The data collected so far could not 
determine the presence of water, however Dittmann 
did mention that: “Water is the most common 
molecule in the universe, and we've found it in lots of 
places we consider hot and atmosphere-less (Mercury 
and some asteroids). You could argue that LHS 1140b 
is more water-friendly than those places.” 

As we go through the checklist of what a 
planet needs to be habitable, it has ticked the 
hypothetical boxes under the category ‘Orbit’, 
now it is time to discuss the planet itself. When 
Professor Charbonneau was asked at which point in 
his work did he think this planet could potentially 
be habitable, he replied: “At minimum, we think 
habitable planets need rocky (as opposed to gassy) 
compositions, and the right temperature for liquid 
water on the surface. So, after we measured the 
density and found it to be rocky, and estimated the 
temperature (based on its distance from the star), I 
thought that perhaps it could be habitable.” 

A planet being ‘rocky’ plays a major role in its 
ability to support life, since a rocky or liquid surface 
is arguably a universal requirement for a habitable 
world to support advanced lifeforms. Such a planet 
is the perfect canvas required for intelligent life to 
thrive, as we know we cannot survive the harsh 
environment on a gaseous planet, from studying the 
conditions on our outer planets. The studies of Earth 
have also indicated to a molten core being present at 
the centre of our planet, but whether LHS 1140b has 
a molten core cannot be confirmed without further 
research. Though, if there were a molten core at the 
centre of this super-Earth, it would reshape the land. 
A dense, scorching, swirling core to LHS 1140b would 
create towering mountains, volcanoes that would 
expel copious amounts of lava and who knows what 
the earthquakes would feel like. 

With this rocky planet being 50 per cent larger 
and almost 70 per cent more massive than Earth, 
the gravity on this planet will be much greater than 
our own, causing quite a struggle. As you read this, 
you will be under pressure Earth's gravity, a gravity 
that you have adapted to over millions of years. 
When Neil Armstrong and Buzz Aldrin landed on 
the Moon, the gravity was so much less intense 
that they felt almost weightless, almost like a flying 
sensation. Now imagine a world where the gravity 
is three times our own, this would be a great deal 
of pressure on our bodies, in fact for a 70-kilogram 
(154.5-pound) human on LHS 1140b, it would feel 
like you're carrying around a sumo wrestler. Having 
mentioned Darwin evolution previously, intelligent 
life on this planet could adapt to its surroundings. 
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If humans were to adapt to this gravity, this would 


require our legs to be more muscular 


and powerful 


for us to stand up. Or Dittmann proposes, “So if you 
end up visiting LHS 1140b, maybe stick to a lazy 
beach vacation where you can hang out in the water 


and not feel crushed.” 


and theorised the state of the planet, 


The MEarth team have drawn certain conclusions 


all from 


photometric transits and radial velocity analysis. 


The one thing that cannot be certain 


about this 


world is the atmosphere, because without further 
spectroscopic analysis, the atmosphere of LHS 1140b 


will be a mystery. 


There have been ideas about the atmosphere 


already, for instance, with a planet this size; it 


possibly had an extended magma-ocean phase early 


on its formation. This means that the secondary 


release of atmospheric gases could have been 


released after the star's radiation became less 


harmful, leaving the planet with an Earth like 
atmosphere. On the other hand, the atmosphere 
could have experienced a greenhouse runaway effect. 


This is where the molecules have been disassociated 


due to the intense radiation from the 
the hydrogen had been lost to space, 
hostile atmosphere similar to Venus. 

“The exciting part is that we don't 


star, and all 
leaving a very 


need to stop 


at speculation: we can go and measure it,” says 
Charbonneau, as their work doesn’t end here. 


Dittmann, Charbonneau and the rest 


of the team 


are intending to utilise many present and future 


telescopes in the process. 


The team has already started studying the planet's 
atmosphere with the Hubble Space Telescope, and 
has requested observation time using the Spitzer 
Space Telescope and the Chandra X-ray Observatory. 


The work with Spitzer intends to tell 


the team if 


there are any moons around LHS 1140b or any other 
surrounding planets. With Chandra, the star's high- 
energy emission will be studied to fully understand 
what radiation is coming from this M-dwarf star. 
The investigation continues with the team already 


planning ahead to 2018, when the James Webb Space 


Telescope (JWST) will be launched. They can then 
use its great light-gathering capability as well as its 
infrared sensitivity to get a much clearer picture of 
the atmosphere. More specifically, it will be able to 
detect water, ozone, methane and carbon dioxide. 


This will be able to tell us about the greenhouse 


effect of the atmosphere so we can determine its 


heat retention. Because although the 


distance from 


the star will determine how much heat radiation it 
receives, the atmosphere will determine how much 


of the heat is absorbed. 


“Further down the road, in perhaps eight years, 
we'll want to use the next generation of Extremely 


Large Ground-based Telescopes that 
under construction, such as the Gian 


are currently 
it Magellan 


Telescopes.” Charbonneau tells us, which underlines 


the ambition of the team for a plane 
of potential. 
It has been an exciting year, with 


of Proxima b orbiting our closest star 


more recent discovery of TRAPPIST- 


that has plenty 


he discovery 
and with the 
's seven planets. 


LHS 1140b can now be added to the 


ist of potential 


‘homes away from home’ and with new data being 
collected, there are revelations left to come. 
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An artist depicts the 
limb of LHS 1140b 
with the M-Dwarf in 
the distance 


“The exciting part is that 
we don't need to stop at 
speculation: we can go and 
measure it” 


Like a flower blossoming, 
the primary mirrors are 
fitted to the JWST, ready 
for launch in 2018 


©ESO; S. Brunier; NASA; Desiree Stover 
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Planet Earth Education is one of the UK's most popular and longest serving providers of distance leaming 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 


beginner through to GCSE and first-year university standard 


Planet Earth Education's courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 


students receive a certificate 


Visit our website for a complete syllabus of each available course, along with all the necessary 


enrolment information 


Courses available for enrolment all year round. 


Fornax Mounts, 7WO CMOS & Moravian instruments CCD cameras 
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Brine 
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2. Ultraviolet @ Ah 


Methane molecules high in the atmosphere 
are smashed apart by ultraviolet light from 
the Sun, sparking a complex chain of organic 

chemistry. Hydrocarbons - molecules that 
contain hydrogen and carbon atoms - begin 
to drift back to the surface. 


NSWERS 


+ 4 


a 


+ a 


1. Methane @ 
How Titan replenishes its 
methane is a mystery, but 
one likelihood is through 
cryovolcanoes, which spew 
out ice and methane gas. 
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What happens 
during Titan's 
methane vets ee 


Lionel White 


Sie The stars in our | 


Why dostarsexist? = uaa 


eps and helium 
Nigel Cavender 


In the early history of the universe, 
there were no stars. Instead, it was hoe 
filled with hydrogen and helium. As : ; 
the cosmos expanded and cooled, the 
hydrogen and helium latched together 
and ‘snowballed’ into what we now ‘ 
know as stars. This still happens ; 9°73 
throughout the universe as clouds ~~ 
of dust and gas combine to create 
glowing gaseous balls of many sizes. 
As for their purpose, stars are vital 
for life to exist. As we know, the Earth 
orbits the Sun at an ideal distance that 
caused life to thrive on its surface. 
The Sun's rays allow plants, algae and 
cyanobacteria to photosynthesise 
and store energy while also releasing 
oxygen into the atmosphere. This 
process has helped to keep our planet 
at a comfortable temperature and 
the photosynthetic species have also 
provided sustenance either directly or 
indirectly for organisms further along Be ‘ =” tes ¢ ; 
in the food chain. LC : th pee pe om Ok Nee 
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3. Clouds 

The hydrocarbons - including 
some methane and also the 
likes of ethane, propane - 
condense into clouds in the 
lower atmosphere and, in the 
right atmospheric conditions, 
can produce hydrocarbon rain. 


4. Lakes 

Liquid hydrocarbons 
precipitate out of the 
clouds and settle onto 
the frozen surface of 
Titan, forming lakes 
and rivers in the 
winter hemisphere. 


When spacecraft leave 
Earth's atmosphere, 
they don't slow down 
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5. Evaporation 

As the seasons change 
the rains disappear and 
the lakes begin to dry, the 
hydrocarbons evaporating 
into the nitrogen-rich 
atmosphere and returning 


methane back into the sky. 


Do spacecraft slow down when 
they leave Earth's atmosphere? 


Marie Cannon 

Unlike on Earth, a spacecraft does not 
slow down through the use of friction 
as it travels through the blankness of 
space. You should be familiar with ‘air 
resistance’, this is where an object, for 
instance a moving ball, will slow down 
as particles in the air hit it, eventually 


bring it to a stop. Air resistance is 
particularly accountable in flight. 
However, outside of the atmosphere 
there is no air, therefore no particles to 
slow the travelling spacecraft down - 
so why did the Apollo spacecraft lose 
velocity on its way to the Moon? Well, 
that's because of gravity. Even when 


Hp 


GHe 


outside of our atmosphere our planet 
continues to pull on objects moving 
away from it. So spacecraft either 
need to be travelling at a high enough 
velocity to cope with deceleration, or 
they must counteract it by propelling 
themselves forward at a suitable 
escape velocity with their engines. LC 


6. Escape 

When ultraviolet light acts on 
methane molecules, it breaks 
it apart into component 
atoms and molecules, 
including hydrogen, which 
escapes into space. Over time 
the methane would deplete 
without replenishment from 
some other source, such as 
an underground origin. 


Our eyes can see around 9,000 stars in 
excellent observing conditions 


What can I see 
with the largest 
pair of binoculars? 


Jack Nevins 

Binoculars tend to top out at an 
aperture of around 100mm, at these 
sizes they require tripods and it is 
generally a good idea to move to a 
telescope for ease of viewing. At this 
aperture, a good set of binoculars 
will see to around magnitude 8. To 
put this in perspective, our eyes can 
see to a magnitude of 6 (the bigger 
the number, the dimmer the star). 
This means in a practical sense our 
eyes can see around 9,000 stars in 
perfect conditions, with the largest 
pair of binoculars that number goes 
up to around 90,000 stars. While the 
theoretical increase is high in practical 
terms, exact performance will vary. 
This considerable increase does go to 
highlight how useful a good pair of 
binoculars can be for stargazing. It is 
often wise to start with them before 
moving up to a telescope. JB 
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Turbulent Metal core? 
Is it possible to avoid getting ivdrogen 995% hotrod 
crushed in Jupiter's atmosphere? —— ion ce 


Alfie Hart 
This is a tricky question to answer 
as it is difficult to decide where 
Jupiter's atmosphere ends. As a gas 
giant most of the planet would be 
considered atmosphere, unlike on 
Earth where there are clearly defined 
layers. Officially, the base of Jupiter's 
atmosphere is defined as the point at 
which the pressure reaches 100kPa, 
which is roughly the same as Earth's. 
By this definition, we could survive 
within Jupiter's atmosphere. 


The clouds of Jupiter extend 
beyond this ‘Earth's atmosphere’ 
limit. When the Galileo probe dove 
into Jupiter's surface it transmitted 
signals back to Earth from a depth of 
132 kilometres (82 miles) below the 
‘Earth-like’ limit. If desired we could 
probably send a craft deeper into 
Jupiter's atmosphere. We would have 
to implement technology from things 
like submarines so that they could 
withstand the pressure increases but 
technically it is possible. SA 


Surface conditions 
Air pressure: 1000x Earth 
Temperature: Varies by depth 
Winds: Over 330mph in the 
upper atmosphere 


Suspected Earth-like 
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worlds are a good 


reference in our search for Why are we looking 
DOC Se for lifeas we know 


Humanity started using sundials around 


5,000 years ago 


Who were the first 
people to start 
measuring time? 
Brian Goode 

The first recorded example of time 
keeping is a little nebulous. Some 
credit it to prehistoric man, with cave 
paintings seemingly depicting the 
phases of the Moon from around 
15,000 years ago. Some are unsure 

if these are actual depictions of time 
measurement or just making notes of 
what people saw. The first definitive 
example of time measurement, come 
from Ancient Egypt 5,000 years ago. 
The oldest-known sundials were built 
as large obelisks, as the shadow moved 
down these obelisks the markings 
would depict the passage of time. Each 
obelisk was separated into 12 sections. 


To eliminate the dependence on the 
Sun, the Egyptians also developed 
water clocks and guides to tracking 
the movements of stars. TM 
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it, when it could take 
another form we're 
not familiar with? 


Edward Peters 
When searching for something it 
is often useful to have a baseline 
to reference things against. That 
baseline may not be accurate or all- 
encompassing but it helps refine the 
search. In the case of Earth-like life it 
helps make it easier to search. 
Technically, life adapted to fit 
Earth’s conditions, so in theory 
maybe life could adapt to suit any 
planet's conditions. With that logic, 
we have a case for scouring every 
planet to search for life. It would be a 
huge undertaking to do that for just 
the seven other local planets, and it 
may be that life can't exist on those 
worlds. If we instead say we know 
life can exist in Earth-like conditions 
it narrows down the search area 
but makes the chance of us finding 
something much higher. JB 
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What causes the 


phases of the Moon? 


Jonathan O’Brien illumination at different positions. If 
The phases of the Moon are caused by you imagine a line with the Sun, the 
a combination of its position around Moon and then the Earth. The side 
the Earth and the section of it that is of the Moon facing the Sun would be 
being lit up by the Sun. At any point, illuminated, but facing away from our 
half of the Moon is being illuminated planet. So, as we looked at the sky 

by our star. As the Moon orbits the we wouldn't see the lunar surface. If 


Earth we see different amounts of this the Moon moved to the other side so 


First Quarter 


Waxing Gibbous ) 


Full ; \ 


Waning Gibbous 


Third Quarter 


: 
. 


that the Earth was in the middle, the 
side of the Moon illuminated by the 
Sun would be facing the Earth so we 
would be able to see all of that face. 


As the Moon moves around we 
can see different amounts of its 


illuminated, createred face, giving rise 


to the phases. JB 


Waxing Crescent 


) 


Waning Crescent 


New 


November 2012 


September 2016 


Depending on the orientation and 


weather patterns of a planet, the visible 


colour could change 


Could the 
planets ever 


change colour? 


Victoria Just 
A planet's colour is defined by what 


it is made of, if the composition of its 
surface changed then its appearance 
could change. This is thought to have 
recently happened on Saturn, between 


2012 and 2016, the gian't north pole 
changed colour. It is though this wa 
caused by a change in composition 


Ss 
in 


the gases in this region. Composition 


changes aren't the only causes of 
colour change, for example if you 
think of our own Earth. 

From Space, our planet can look 
a variety of colours, we have yellow 
deserts, blue seas, green land areas, 
white clouds and ice. Depending on 


orientation and weather patterns our 
planet can appear an array of colours. 


This type of indication could pose 
a useful marker when looking at 
exoplanets. Studying other worlds a 
looking for ones that change colour, 
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could be used to identify interesting 


targets for further study. TM 
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Which missions will be 
observing the Earth in the future? 


While space probes and telescopes often capture the bull of public 
attention, Earth observation missions have revolutionised science 


The idea of using satellites for studying the Earth 
was first proposed before the space age; and the first 
successful craft was the American TIROS-1. Standing 
for Television Infra-red Observational Satellite 
(TIROS) was launched on 1 April 1960 - only two 
and a half years after Russia's Sputnik, and less than 
two weeks before Gagarin’s first human flight. 

There is a line up of new Earth observation 
satellites to be in launched in the next few years; 
and despite the new regime in the White House 
NASA continues to field strong Earth observation 
programmes. Launched in December 2016, the 
Cyclone Global Navigation Satellite System (CYGNSS) 
is a constellation of eight satellites that will be used 
to measure the wind speed over the ocean. This will 


The Tropospheric Emissions Monitoring 
of Pollution will be piggy backed on a 
commercial geostationary comsat, to 
ease pollution across North America. 


Surface Water and © 
Ocean Topography (SWOT) 
Launch date: 2020 
Operator: NASA JPL, Centre 
National d'Etudes Spatiales and 
Canadian Space Agency 
A joint venture with the French and 
Canadian space agencies, SWOT is 
designed to carry out the first global 
survey of the Earth's surface water. 
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Tropospheric Emissions: 
Monitoring Pollution (TEMPO) 

Launch date: 2019 
Operator: NASA Langley 


help with predicting hurricanes. They will receive 
GPS data direct from a given satellite, and compare it 
to the version of the signal that has bounced off the 
ocean. Not having to transmit these pulses means it 
can be smaller and cheaper. 

In 2018, a collaboration with the German Research 
Centre for Geosciences, called GRACE-FO (or Follow 
On, from 2002's GRACE mission) is scheduled. This 
will measure the distribution and change of mass 
around the world by measuring variations in gravity. 
Two satellites will fly in formation 220 kilometres 
(137 miles) apart, their global position tracked by 
GPS to within a centimetre, and their separation 
measured to within the millimetre by a microwave 
transmission. As the leading satellite passes into a 


*) ECOSTRESS 
Launch date: 2019 
Operator: NASA JPL 


ECOSTRESS will use a radiometer 
to measure the balance of water 
e in the soil, and therefore how 


plants are using it. 


gravitational variation it will speed up or slow down, 
changing the distance between the satellites until 
the trailing one reaches the same anomaly. 

As well as separate satellite missions the 
International Space Station carries out Earth 
observation experiments. The third generation of the 
Stratospheric Aerosol and Gas Experiment (SAGE III) 
was launched in February on SpaceX's tenth Dragon 
supply mission. SAGE studies atmospheric ozone, 
our collective sunscreen, other gases and aerosols; 
particles and droplets suspended in the air. It does 
this by measuring sunlight passing through the 
atmosphere as the ISS passes through sunrise and 
sunset; this is then compared to reference sunlight 
that has not passed through the atmosphere. RH 
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© Lightning Imaging 
Sensor (LIS)-ISS 
Launch date: 2017 
Operator: NASA Marshall 


Originally built as a spare for 
a free flying mission in 1997 
LIS-ISS will be launched in 
2017; it will measure the 
amount, frequency and 
energy of lightning occurring 
across the entire world. 


Questions to... @@spaceanswers f /AllAboutSpaceMagazine @ space@spaceanswers.com 
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” Synthetic Aperture Radar (NISAR) ~ Plankton Aerosol Cloud 
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© Gravity Recovery and 


jt 
LA 


Launch date: 2020 
© pers tor: NASA JPL and ISRO 


A joint venture with the Indian space 
agency, NI-SAR will use a synthetic aperture 
radar to map dynamic natural phenomena, 
earthquakes, ice sheet collapse, tsunamis, 
volcanoes and landslides. 


Ocean Ecosystem (PACE) 
Launch date: 2022 

~ > -->.—). NASA Goddard 
PACE will study the diverse ecosystems of the 


Ocean and will help us better understand the pivotal 
role played by phytoplankton in their diversity. 


Stratospheric Aerosol 
Gas Experiment 
(SAGE) III on ISS 
Launch Gate: February 2017 
Operator: NASA Langley 


Launched aboard a SpaceX 
Dragon, SAGE III measures 

J ; atmospheric composition by 
y P studying sunlight. affected 


& by the air. 
4 


£ ' Geostationary Carbon Cycle 
Observatory (EVM-2) (GeoCARB) 

Launch date: 2021 

Operator: NASA 


The mission’s main aim is to monitor plant 
health and vegetation stress and the 
sources, sinks and exchange processes that 
control carbon dioxide, carbon monoxide 
and methane in the atmosphere. 


© Cyclone Global Navigation 
Satellite System (CYGNSS) 
Launch date: December 2016 
Operator: NASA 


A constellation of eight small 
satellites, CYGNSS will improve 
hurricane forecasting; using GPS 
signals bouncing off the ocean to 
measure wind speed. 


Climate Experiment 
Follow-on (GRACE-FO) 
Levene) date: 2018 
Operator: NASA JPL & GFZ 


Twin satellites flying 220km 
apart, these will map global 
variations in gravity by measuring 
their position relative to each 


other to millimetre accuracy. —_ ® Ice, Cloud and land Elevation 


Satellite-2 (ICESat-2) 
Launch date: 2018 
Operator: NASA Goddard 


The Ice, Cloud and land Elevation Satellite-2 
. will use a laser altimeter to accurately 
measure variation in ice sheet elevation, sea- 
ice freeboard and vegetation canopy height. 


- A WORLD OF 
INFORMATION 
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Pabdcting with tech-giants including Microsoft, NASA is 
now able to conquer the universe without needing to leave ~~ 
the Earth - and you can come along for the ride. 


Written by Libby Plummer 
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Virtual reality (VR) is bringing space Closer to 
armchair astronauts than ever before. Not only is 
it opening up the galaxy to those of us that will 
never make it beyond the Karman line, it's also 


helping astronauts train for the harsh environment of 


microgravity and scientists for their projects. 

Just recently, a virtual recreation of the 
International Space Station (ISS) was launched on 
the Oculus VR headset. Mission: ISS, which was 
made in collaboration with NASA, ESA and the 
Canadian Space Agency, is the work of Los Angeles- 
based visual effects firm Magnopus. “We started 
with engineering models from NASA at Johnson 
Space Center,” Ben Grossmann; VR Director of the 
experience, and co-founder of Magnopus tells All 
About Space. “Then we scoured the freely-available 
images on NASA‘s websites for photo and video 
reference, which our artists used as reference when 
they added details and reduced the precision of 
the models, in order to make them playable at the 
highest quality under the demands of VR. It was 
quite the research project because there's so much 
activity on the ISS, and it's so difficult to ‘take 
inventory’ regularly and get any confidence that 
something is where we thought it might be”. 

The team took painstaking efforts to get every 


"detail right, interviewing astronauts on whether there 


was anything missing that they expected to see. “For 


example, one ISS crew member pointed out to us that 


there was damage to one of the radiator panels that 
was catalogued during [mission] STS-119 that no one 
ever seems to acknowledge in recreations, so we got 
that in there,” explains Grossmann. 


Aside from getting legal clearances for all the 
imagery and video of astronauts, one of the biggest 


challenges for the effects firm led by Academy Award 


winners was conveying the weightless experience of 
the orbiting lab, and translating that experience so 
that it would run on minimum spec VR computers. 
“We spent a lot of time working on the way people 
could navigate with the hands by grabbing onto the 
station and pushing, pulling and twisting themselves 
through the modules,” says Grossmann. “Only about 
550 people have been [to space], and it's going to be 
a while before we can do it casually, so we wanted 
to give people a taste of the overall affect, and an 
appreciation for what it's like to get your science on 
in a laboratory 250 miles up, going 17.000 miles per 
hour,” he added. 

While not used for formal astronaut training, 
Mission: ISS has been used at NASA's Johnson Space 
Center. According to Grossmann, when astronaut 
Cady Coleman was immersed in the experience, 

her son asked if he could have a turn to which she 
replied: “No. I'm treating my homesickness.” 

The firm is working on several new space-based 
projects, which will land later this year. As well as 
enabling people on Earth to experience the ISS, 

VR has also made it possible to get a glimpse of 
the journey back home. Earlier this year, London's 
Science Museum opened its ‘Space Descent VR 
with Tim Peake’ experience. “In response to the 
landmark acquisition of Tim Peake's spacecraft, 
Soyuz TMA-19M in late 2016, the Science Museum 
Group commissioned the award-winning Alchemy 
VR to develop an experience that would put the 
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Virtual Reality 


. “The immersive nature of VR means that 


we can learn about the scientific story in a 


2 different Way” Major Tim Peake Ps 


visitor inside the spacecraft to experience the thrill of 
a high speed descent to Earth,” Mark Cutmore, Head 
of Commercial Experiences at the Science Museum, 
tells All About Space. 

The VR flight, which is now the museum's first 
ever-permanent VR fixture, is viewed using Samsung 
Gear VR headsets. “To achieve the extraordinary 
level of realism offered in the experience, the team 
consulted leading experts, including Tim Peake 
himself, and then employed the rendering power of 
100 computers for a full month,” explains Cutmore. 

“As well as lending his voice and on-screen 
presence to the experience, talking users of Space 
Descent VR through the stages of the flight from 


the International Space Station to Earth, Tim Peake 


consulted on the script sharing his experience of 
the journey he made in June 2016 at Fale end of his 
Principia mission” 

Visitors to the museum have been i impressed with 
the realism of Space Descent VR said Cutmore, who 
explained why VR is such as useful educational 
tool: “The immersive nature 0 
can learn in a different way about the scientific 
story around that object or moment”. Speaking at 
the time of the opening, Tim Peake said: “It really is 
breathtaking - and that comes from someone who 
has spent an awful lot of time using VR systems 
while training for my first mission’. 

As well as bringing recent missions to a wider 
audience, VR also enables us to relive crucial events 
in the history of human of spaceflight, including 
the 1969 Moon landing. After reaching its target 


a 


NASA and Microsoft engineers 
testing Project Sidekick 
HoloLens headsets during a 
microgravity parabolic flight 


ie 


on crowd-funding site Kickstarter, the Apollo 11 
VR experience recently launched on a number 
=o itforms including Oculus and Sony’s " 
PlayStation VR. The virtual experience includes 
lights of the era-defining mission from 
rocket down to the lunar lander at 
Tranquility Base. Though not official endorsed by 
NASA, it uses the American space agency's archive 
ootage and audio from the command module's 
( o recreate the historic journey. 
There are all kinds of space-based VR apps that 
an easily be downloaded for viewing on basic 
headsets like Google's Cardboard viewer and even 
he revamped stereoscopic View-Master viewer is 
giving kids the chance to explore a virtual version of 
ur very own Solar System. 
Not only does VR enable those on Earth to catch 
glimpse of life in orbit, it’s also used to prepare 
astronauts for the challenges of space. NASA was 
an early pioneer of VR, with its first headset dating 
back to 1991. The astronaut crews from the Mercury, 
Gemini and Apollo crews spent more than a third 
of their training time packed into simulators, while 
crews today use VR simulations to train for their 
missions. One vital piece of training involves practice 
with a version of the Simplified Aid For EVA Rescue 
(SAFER) - a jet pack worn by astronauts that they 
can use to manoeuvre back to the ISS should they 
become untethered during a spacewalk. 
_ As well as training astronauts on Earth, VR is also 
being used in space to carry out vital experiments. 
The French space agency Centre national d'études 


to look at how astromenmis: 
hand movements ir 


up and testing tt 
will be used for t 
The kit includes an Oculus Rift f 

been modified for use in space toe 
not a fire risk. The headset’s acceleror 
rely on an infrared 
developed by ESA to monitor movemer 
experiment involves astronauts reachi 
objects to enable researchers to under 
important gravity is compared to other s 


in Toulouse France, which is an affiliate 
CNES, explains that on Earth, the brai 
sensations caused by gravity as a referel 
for movements, using a football eae a 
example. “If I see a football coming towards 1 
know it will have a specific weight and iI can — 
predict its trajectory. Children take a long time t O 
earn to make these predictions accurately,” he t 
All About Space, adding, “when astronauts fi 

in space, they are like babies again. They have to 
earn how to move and how to integrate their visual 
information into their movement”. | a 
Not only could the findings help astrona Ts 
during spacewalks where hand-eye coordination is 
important, they could also eventually help scientists 
o better understand patients with conditions that 
cause a loss of balance on Earth. . 

Another CNES experiment starting soon - called 

TIME - will investigate the problems astronauts have 


t 


aning astronauts 
re they go into space, astronauts need to be trained up 
e’conditions they will face. VR enables astronauts to 
pace-environment such as wearing a headset while 
Ww eightlessness-simulating plane and in NASA's Extreme 
iment Mission Operations (NEEMO). 


ig routes on Mars 


R, scientists are able to create a reconstruction of the 


rface, which can be worked on collaboratively - for 
- ‘ample, to set the course and targets for NASA's Curiosity rover 
_ onthe surface of the Red Planet. 
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Guiding astronauts on board the ISS 

Astronauts complete complicated procedures on board the ISS. VR allows 
ortunity for experts on Earth to guide residents of the Earth-orbit 

itat - for example, opening hatches and putting out fires come with written 
procedures. With VR, a task that takes four hours could take one hour. 


French ESA astronaut 

Thomas Pesquet training 
with VR at NASA‘s Johnson 
Space Center, Houston, USA 


” 
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Virtual Reality 


Modelling 
spacecraft and 
machinery 


Engineers are able to explore 
detailed models of spacecraft 
as they are being designed, 
allowing their design to be 
transformed and visualised 

in a way that's true-to-scale 

- something that could never 
be done before unless a lot 
of time and money is put into 
creating a 3D print. 


} 


~ 
NASA astronaut Scott Kelly 
wears Microsoft's HoloLens 


aboard the ISS as part of 
Project Sidekick 
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Virtual Reality a 


Destination 
Mars 


Using Microsoft HoloLens, 
NASA is able to walk on the 
surface of the Red Planet and 
make plans to conquer it 


1. Real Mars data 2. Taking a buddy 3. Useful for science 4. Walking on Mars 


Looking through the HoloLens, users to the Red Planet Teams of scientists are able to collaborate | Provided they keep the HoloLens on, 

are able to ‘stand’ on Mars and look at a on the surface of Mars using HoloLens scientists are able to traverse the surface 
real surface from data gathered by Mars and OnSight, which makes planning of Mars, which allows them to walk up 
orbiters and the Curiosity rover. Using the Curiosity rover's next move easy. mountains and tread the same ground | 
VR, you'll be able to stand next to the Scientists are able to see each other as Curiosity has trundled along, as well as _ 
Martian spacecraft. avatars and also where they are looking. the regions that orbiters have map 


If you decide to experience the surface of 
the Red Planet with a friend or two, you'll 
be able to see them on the surface next 
to you as an avatar - no matter where 
they are in the world. 


Planning the 
next mission 


VR allows engineers to plan 
new features and design on 
spacecraft before they are 
built. NASA is carrying this out 
on their new Mars 2020 rover. 


Tim Peake uses Space 
Descent VR to relive his 
Soyuz TMA-19M flight 


ime estimation in space, which is known to be 

ed to microgravity’s affect on the inner ear. 

0 quantity this effect - the VR is used 

1erge the subject in a virtual world - to 

them from any external information,” 
farnat. 

1 ile, an experiment from the Canadian 

Agency will look at the effects of reduced 

ity on astronauts’ perception of self-motion. “We 

pe to be able to build a VR community in space," 

- ins Marnat. “VR opens to door to many more 
apn ications other than science such as on-board 
training, and helping astronauts on a daily basis, as a 
counter measure against confinement’. 

And it's not just VR that’s blurring the 

boundaries between Earth and travelling in space. 
Augmented Reality (AR), where computer graphics 
are superimposed over a real-world view is also 
becoming more popular, but it's Mixed Reality (MR) 
- a combination of VR and AR - that could really be 
a game-changer. One of the best-known examples of 
an MR device is Microsoft's HoloLens. 

In December 2015, NASA launched a pair of — 
HoloLens headsets to the ISS as part of Project 
Sidekick. The devices were originally intended to 
arrive earlier, but the first batch were blown up when 
SpaceX's CRS-7 Falcon 9 resupply rocket exploded 
shortly after takeoff in June 2015. In ‘Remote Expert 
Mode’ the HoloLens enabled a ground operators 

to see what a crew member sees via messaging 
platform Skype, providing real-time guidance and 
annotations to guide the astronaut through a task. 
Previously they would have had to rely on just voice 
tructions. In ‘Procedure Mode’, it 


presented animated illustrations on top of the objects 
the crew were interacting with. The idea is to cut 
down the amount of training for future crews. 

“The benefit of Sidekick and related AR 
applications is the ability for crew to operate hands- 
free and see their surroundings comfortably at all 
times,” Victor Luo of NASA's JPL Ops Lab, tells us. 

In collaboration with Microsoft, NASA has also 
developed software called OnSight that enables 


scientists to work virtually on Mars using the 
HoloLens. “We take the 2D rover images from 
Mars and reconstruct a 3D terrain mesh using our 
homegrown photogrammetry pipeline,” explains Luo. 
“Every day, the scientists on the Curiosity mission 
can load up OnSight and walk on the latest 
place on Mars. They can gather with their 
international colleagues in the same session * N 
and collectively make strategic science 
planning decisions for the operations of the eo 
rover for the next day. 

“We have been developing outreach 
experiences with this technology to allow the 
general public to experience the journey of the 
rover as well. The most recent public release is the 
Destination: Mars experience that we deployed to 
Kennedy Space Center: Visitor Complex last year 


which captures Buzz Aldrin in holographic form to & 
guide the audience through three real sites on Mars." “SI 
NASA has also developed ProtoSpace, which uses we ~ 


the Hololens to project images of rover mockups 
in 3D to help engineers pinpoint any potential 
problems in future designs. What's more, NASA is 
experimenting with a data glove created by Dutch 
firm Manus VR in order to train astronauts using 


Users can explore the 
international space 
station in VR with 
Mission: ISS 


mixed reality. Trainees use the glove to interact with 
virtual objects in an ISS mockup to recreate the 
sensation of handling an object in zero gravity. 
“These technologies will allow our scientists, 
astronauts, and engineers to immersive themselves 
in the data that they need at any given time,” says 
Luo. “Technologies like ProtoSpace will be infused 
in all phases of the spacecraft mission (design, 
implementation, integration and testing, operations) 
o enable our spacecraft engineers to solve problems 
far before they arise. And when we continue to 
explore the Solar System via robots and astronauts, 
we will be able to take everyone along for the ride”. 


; 


/ 


»L-Caltech; ESA; Stephane Corvaja; CNES; Manus VR; Jody Kingzett; the Science Museum 
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Jargon buster 


Conjunction 

A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. A 
planet is in conjunction with the Sun when it and Earth 
are aligned on opposite sides of the Sun. 


Right Ascension (RA) 

Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 


Open cluster NGC 6530, close 
to the Lagoon Nebula (M8) is 
well placed for observation 
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\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 
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Open cluster NGC 6633 in 
Ophiuchus is well placed 
for all-night observation 


, ae 


Star cluster IC 4756 in Serpens 
is well placed for observation 
throughout the night 
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Earth reaches aphelion, 
where it's at its furthest 
point from the Sun 


Pluto reaches opposition, 
reaching a magnitude of 
14.8 in Sagittarius 


Declination (Dec) 

This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measured in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there are 
60 arcminutes in a degree. 


Magnitude 

An object's magnitude tells you how bright it appears 
from Earth. In astronomy, magnitudes are represented 
ona numbered scale. The lower the number, the 
brighter the object. So, a magnitude of -1 is brighter 
than an object with a magnitude of +2. 


Opposition 

When a celestial body is in line with the Earth and Sun. 
During opposition, an object is visible for the whole 
night, rising at sunset and setting at sunrise. At this 
point in its orbit, the celestial object is closest to Earth, 
making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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The Moon and Jupiter make a 
close approach, passing within 
2°33’ of each other in Virgo 


©Thomas Bresson 


Sy 


eM 


JUL ; 
The Moon and Neptune make 


a close approach, passing 
within 0°49 in Aquarius 
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Globular cluster Messier 22 
in Sagittarius is well placed 
for all-night observation 


Ue 


The Moon and Saturn make 
a close approach, passing 
within 3°13' in Ophiuchus 


<@® Naked eye 
A) Binoculars 


Small telescope 
“J Medium telescope 


Large telescope 


In this issue... 


What's in the sky? 
Don't miss some spectacular 
astronomical events over the 
next few weeks 


Deep sky challenge 
Turn your telescope to a gaggle 
of nebulae and star clusters all 
through the night 


Moon tour 
Considered a challenging target, 
Mare Orientale is a must-see for 
enthusiasts of the lunar surface 


Test your 


telescope's optics 
Use the stars to find out what 
your instrument is capable of 


© Radoslaw Ziomber 


This month's 
naked eye targets 
Enjoy the skies this month 
without the need of a telescope 


The Northern 


Hemisphere 
Night-sky riches are abundant 
through the most of July 


7 


© 25 great astronomy 


& space days out 
Explore the universe at the 
world's greatest attractions 


)Me & My 


Telescope 
The very best of your 
astrophotography images 


What's in the sky?, 


Make the most 
of summer astronomy 
How you can still observe 
during the lighter months 


. Inthe Shops 
The latest Meade LightBridge 
Mini telescope, astronomy apps, 
software and more 
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DAYLIGHT MORNING SKY 


Moon phases 


JUN JUN JUN 


0.8 
19:13 04:28 © 20:26 


0.4 3.2 
05:23 © 21:31 06:28 22:24 


* The Moon does not pass the meridian on 7 July 


JUN JUL JUL 


47.2 
00:36 12:30 


57.5 67.2 
00:59 13:37 01:22 


JUL JUL JUL 


: N/A* 98.5 99.9 
03:10 18:49 03:46 19:43 04:30 ®20:32 | W05:19 21:16 
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771 
10:38 


67.4 
11:49 


23:22 23:46 


Illumination Full Moon 

Moonrise time New Moon 

Moonset time First quarter 
22.6 13.1 Last quarter 


15:33 01:38 16:50 02:28 


All figures are given for OOh at midnight (local times for London, UK) 
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What's in the sky?, 


[] Canes Venatici —<—e 
Lyra 


ee 


Leo Minor 


q 
. | | come Coma Berenices “_ 
ao pecula Hercule ; | 
& 
7 ~~ >. ¢ 
gitta : 
4 
ry 
Aquila 
5 
i. Sextans . 
Scutum 
Crater 


- Libra . 


Antlia 


Sagittarius 


Scorpius P 
{coma a Centaurus Af 
— - a 


OPPOSITION EVENING SKY 


All rise and set times are given in BST 


28 JUN 5 JUL 12 JUL 19 JUL Date RA Dec Constellation Mag Rise Set 
22Jun  O6h04m38s +24°34' 48" Gemini 23 04:36 21:27 
Pr 28Jun O7hOIm28s +24°25' 49" Gemini 14 05:10 21:59 
60% O5Jul O8hOlm29s — +22°24'49" Cancer -0.8 05:57 22:16 
12 Jul 08h52m 15s +19° 05'50" Cancer -0.3 06:42 22:17 
19 Jul 09h 33m 51s +15° 09' 00" Leo -O1 07:20 22:07 
22Jun O2h56m25s —_+13°56'49" Aries 42 02:37. -—-17:10 
28Jun  03h21m50s +15°41' 21" Aries 4] 02:28 ~=—-17:22 
05 Jul 03h52m 34s 417° 33' 20" Taurus -41 02:20 17:36 
12 Jul 04h24m27s_ _—-+#19° 10°28" Taurus 4] 02:15 ~=-17:51 
19 Jul 04h57m23s_ —-+20°.28' 41" Taurus 4] 02:11 18:04 
22Jun  O6h49m07s —-+23°56'16" Gemini 7 05:25 22:06 
28Jun O7hO6m13s +23°34' 27" Gemini 7 05:21 21:57 
O5Jul  O7h25m58s —-+23°. 00" 34" Gemini 7 05:17 21:45 
100% 100% 100% 12 Jul O7h45m26s —-+22°18' 02" Gemini 17 05:14 ~— 21:32 
22Jun =: 12h50m 41s -03° 58’ 20" Virgo 2] 14:02 01:34 
28Jun 12h51m39s -04°06' 06" Virgo 2] 13:41 01:10 
: OSJul =: 12h53m14s -04° 18' 03" Virgo 2] 13:16 00:43 
12 Jul 12h55m 18s -04° 32'54" Virgo -2.0 12:51 00:17 
19 Jul 12h57m50s -04°50' 26" Virgo -2.0 12:28 23:46 
22Jun  —- 17h 33m 09s -21°56'54" Ophiuchus 0.0 20:25 04:35 
28 Jun 17h 31m 17s -21° 56'15" Ophiuchus 01 20:00 04:09 
O5Jul = 17h29m 12s -21° 55°34" Ophiuchus Ol 19:30 03:40 
12 Jul 17h 27m 16s -21° 55' 01" Ophiuchus 01 19:00 03:10 
19 Jul 17h 25m 32s -21°54' 38" Ophiuchus 0.2 18:31 02:41 


This month's planets 


Satu is easy pickings for astronomers this month, 


While Venus continues to dazzle for early risers 


Satur - 


Constellation: 
Ophiuchus 
Magnitude: 0.1 - 
AM/PM: PM 


AQUILA 


SCUTUM 


_SAGITTARIUS 


Saturn is on display through this month, and pops into 
view as soon as twilight darkens the sky. Saturn lies in 
the southern part of the ‘forgotten sign of the zodiac’, 
Ophiuchus, which hangs above the southern horizon, 
scraping the treetops and roofs. To the naked eye on 
these light summer evenings, Saturn will look like a 
yellow-white star some 70 degrees over to the far left 
of Jupiter - which is higher in the sky - between the 
‘Teapot’ of Sagittarius and the claws of Scorpius. 
Saturn is famous for its beautiful system of rings, 
and, before its fiery demise in September, the Cassini 
probe will be sending back its most detailed images 
of those rings from its mission. We've already seen 
sweeping, wide-angle views showing the whole ring 
system in all its glory, and detailed close-ups resolving 
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- OPHIUCHUS | 


SERPENS 


-SERPENS 


‘ SCORPIUS. | 


22:00 BST on 8 July 


the rings into a multitude of smaller, thinner ringlets. 
The probe has even photographed moonlets orbiting 
inside the rings, leaving ripples of icy material. 

As impressive as they look on photos from Cassini, 
and professional telescopes like the Hubble Space 
Telescope, the rings aren't big enough to see without 
a telescope of some kind; unless they can magnify a 
couple of dozen times, your binoculars won't reveal 
them. But even a small telescope will show the rings 
as a bright, delicate hoop thrown over the planet's 
disc, and the higher the magnification you can use the 
more detail you will see. The dark gaps in the rings 
will stand out when magnified a hundred times or so. 

When looking at Saturn, don't forget to look around 
it, because several of its family of more than 50 


 @ Lupus - 


moons can be seen with just a modest-sized telescope, 
including the famous ‘Death Star’ moon, Mimas, and 
two-toned satellite Iapetus. However, Saturn's largest 
moon, Titan, is big enough that it can easily be seen 
through just a small telescope. Be aware that with 
Saturn embedded in the star clouds of the Milky 
Way at the moment you might need your favourite 
astronomy app to help you pick Titan out from all the 
stars around it. Seeing Titan is quite a thrill, especially 
when you realise the tiny dot shimmering in your 
telescope eyepiece is a fascinating world the size of 
Mercury, with high, drifting clouds, vast plains of dark, 
windblown dust dunes and lakes of gloopy methane. 
The almost-full Moon cruises past Saturn between 
7 and 8 July. 


This month's planets 


CRATER jf.  AURIGA ~  CORVUS 
? Danis | CER / Mar’ a : 

SW NW 
Constellation: Leo so soon after it during the last days Constellation: Virgo clear skies on the evenings of the 
Magnitude: O of June that it will be difficult to see. Magnitude: -1.9 last day of June and the first day of 
AM/PM: PM But by the middle of July it will have AM/PM: PM July, because that’s when the waxing 
Mercury fans will struggle to see their moved far enough away from the Sun Despite never really appearing high Moon will be close to Jupiter. On 30 
elusive favourite planet this month. that it will be setting an hour after in the sky this month, Jupiter will July, the Moon will be to the lower 
Although it shines at a magnitude of it, and should be a little more easily be a lovely sight from anywhere and right of Jupiter, and 24 hours later will 
O, the closest planet to the Sun sets visible, low in the northwest. everywhere. Cross your fingers for have moved up to shine to its top left. 


\ CA Constellation: Taurus 
aoe Magnitude: -4.1 
; AM/PM: AM 
TAURUS.” ; 5 s . ; Venus is now a bright ‘Morning Star’ rising 
rs : well before the Sun. If you can catch it 
early enough, before the approach of dawn 
brightens the eastern sky, you'll notice 
. : ; cae rl ; edie Venus is shining to the lower right of the 
“GEMINI ~ ria ¢ 2d a e : i See famous Pleiades star cluster. Through the 
ERIDANUS 2 ; 4 first week of July, Venus will appear to 
: . 9 AS pass beneath the popular cluster, heading 
towards its nearby companion cluster, the V 
shaped Hyades, which lies to its lower left. 
Before dawn on 19 July look for a waning 
crescent Moon that shines to the upper 
right of Venus. On the next morning the 
Moon will sit directly to the right of Venus, 
making a very striking sight that will be 
well worth trying to photograph. 


AURIGA CETUS. 


PISCES Neptune 


: AQUARIUS 
Bae CANCER’ AURIGA 
GEMINI 


Constellation: Pisces the end of July, when it clears the Constellation: Gemini glow will be swamped as it follows 
Magnitude: 5.8 eastern horizon before midnight. Magnitude: 1.7 the Sun down towards the horizon. 
AM/PM: AM Uranus is technically, at magnitude AM/PM: PM As the days pass Mars will draw 
Shining faintly to the upper right of 5.8, a naked eye object. However, the This is a very poor month for you if closer to the Sun until it is impossible 
much brighter Venus, Uranus rises only way you'll see it with your naked youre a watcher of Mars. It is so close to see. You'll have to make do with 
three hours before the Sun in late eye is if you are somewhere with to the Sun in the sky that it will be looking at images of Mars sent back 
June, and six hours before it toward little-to-no light pollution. hard to see as June ends. Its weak by the many rovers and orbiters. 
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Orientale :, 


Catch a fleeting glimpse of one of 
the Moon's most incredible se, 


Most of the lunar features we visit on 
our tours are pretty obvious and easy 
to see - huge pit-like craters, long chains 
of jagged mountains, vast dark seas, 
etc. This month's target is much more 
challenging and much harder to see. In 
fact, you'll only be able to glimpse it for a 
couple of days. Why? Because our target 
this month is a feature usually invisible 
from the Earth. 
Mare Orientale and its surrounding 
rings of mountains form one of the 
argest, most dramatic features on the 
Moon. If it was on the Earth-facing side 
of our celestial companion it would 
dominate its face, and would quite 
possibly have affected the development 
of many of our cultures and religions. 
Unfortunately, it was blasted out of 
the Moon just far enough around the 
western limb that it is usually hidden 
from our view. However, occasionally 
the libration - or wobbling - of the 
Moon allows us to sneakily peek a short 
distance around the western limb, and 
offers lunar observers a tantalising, 
fleeting glimpse of this fascinating 
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feature. This will next happen during 
early to mid-July, so be prepared. 


Only 


he wide-with-wonder eyes 


of Apollo astronauts and the clicking 


cameras 
and pho! 
its glory. 
younges 


of robotic spacecraft have seen, 
ographed, Mare Orientale in all 
They gazed down at one of the 
impact features on the Moon, 


blasted out it around 3.8 billion years ago 


by anas 


eroid more than 60 kilometres 


(37 miles) wide. That brutal collision 
painted an enormous bullseye target 
on the Moon - a 327 kilometres (203 


miles) wi 


ide dark sea, or mare, of frozen 


lava, surrounded by three concentric 
rings of crater-pocked mountains which 
make the whole feature more than 900 


kilometres (559 miles) across. 


Just imagine if Mare Orientale had 
been formed on the side of the Moon 


facing Earth - our natural satellite would 
resemble a huge eye, staring down at 
us from the sky. Now imagine seeing 


that ‘eye’ 


painted red, bloodshot during 


a total lunar eclipse. It's fascinating to 
wonder how much fear would that 


have cau 


sed, and how such an ominous 


sight would have affected our species’ 
cultures and religions, isn't it? 

Sadly, our observing windows for 
this fascinating feature are few and 
far between, and brief too, so any 
opportunity to catch even a fleeting 
glimpse of Mare Orientale should 
be grasped. At the end of June and 
beginning of July the Moon's libration 
will woozily swing the western side 
of the Moon towards us and Mare 
Orientale and its surrounding mountain 
rings will become visible, but only 
through a good pair of binoculars or 
preferably a telescope, and even then 
only as an area broken up into light and 
dark lines close to the lunar limb. Even 
So, just seeing the enigmatic Eastern Sea 
at all is a thrill, so cross your fingers for 
clear skies at that time. 

Where exactly should you look, and 
when? The easiest way to find Mare 
Orientale is to go back to basics and 
imagine the Moon's face as a clock 
face. On the evenings of 9-17 July 
Mare Orientale will tilt towards us. On 
these evenings, and especially on 13 


©NASA 


If you have a Moon filter, use it 
when looking for Mare Orientale. 
The contrast will make the feature 
much easier to see. 


July when libration will be at its most 
pronounced, aim your binoculars or 
telescope towards the 8 o'clock position 
where you will see the dark-floored 
crater Grimaldi. Beneath and to the 

left of Grimaldi, right on the limb, you 
will see what looks like a number of 
dark lines, almost like scratches on the 
Moon - these are Mare Orientale and its 
numerous mountains. 
Of course, the more magnification you 
use with your telescope the more detail 
and structure you will see structure, but 
no matter how high you go you won't 
be able to see the circular shape of the 
feature. But in a way that doesn't matter 
- what matters is that you will be seeing 
something usually hidden from our 
view, something most sky-watchers, and 
many Moon observers, have never seen. 
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The tight-knit appearance of star 
cluster Messier 4 is easy to spot 
through good binoculars. Although 
visible to the naked eye under 
excellent night sky conditions, the 
globular cluster - which glows at 

a magnitude of 5.6 - takes on the 
appearance of a fuzzy ball of light, 
about the same size of the Moon. 


The constellations of Hercules, ® 
Scorpius and Corona Borealis 

are ideal targets for those using . 
binoculars or the unaided eVe ° 


e ° 
° : , 
@ | The claws of the Scorpion 
These three stars, named Beta 
; Scorpii, Delta Scorpii and Pi Scorpii 
mark the claws of the celestial : 
: scorpion, which is visible just 
above the southern horizon for . 
observers this evening. Roughly of 
2nd to 3rd magnitude, these stars 
are visible to the naked eye under ‘ 
good observing conditions. 


a 
~e 


e 
\ 
8 


oN 
Here 


a | 


ee 
ules 


o—_——* 


Summer Beehive 
Cluster (IC 4665) 

Just visible to the naked eye 
from very dark sites, this 
open cluster can be found 
in Ophiuchus. If you're 
looking to catch its member 
stars up much more closely, 
then you'll need binoculars 
with a magnification of at 
least 10x50. 


Serpens 
Caput 
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Great Globular Cluster in 
Hercules (M13) 

Glowing at a magnitude of 5.8 
and just about visible to the 
naked eye under excellent 
ebserving conditions as a small 
fuzzy patch of light, this stunning 
star cluster looks superb in 
binoculars with a magnitude of 
at least 10x50 where it takes 
more of an appearance of a “ 
bright ball of unresolved stars, 


Corona Borealis 

(The Northern Crown) 
Asmall constellation with onl 
a handful of stars visible to the 
naked eye, many astronomers 
have been inspired by the 
shape of Corona Borealis, 
which gives it the uncanny 
appearance of a crown. The 
brightest star in the pattern is 
Alpha Coronae Borealis, which 
shines at magnitude 2.2. 
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The months of June and July mean 
very short nights and no-true darkness... 


You'll 
need: 
V Star chart 
V Binoculars 
V Telescope 
V Deck chair 


Everyone looks forward to the 
summer. Sunshine, warmth, time off 
from work and long hours of daylight, 
but this can be frustrating if you 
would really like to see the stars and 
feel that there is nothing worth staying 
up for. However, there are indeed 
sights worth staying up for, even if the 
sky doesn't get truly dark. 

Don't forget that there are events 
such as meteors and meteor showers 
and other atmospheric phenomena, 
which can be seen once the sky is 
dark enough. Noctilucent clouds 
(NLCs) are also a favourite and 
appear when a high cloud, around 
100 kilometres (62 miles) above the 
ground, is illuminated by the Sun 
at a shallow angle. It can be seen 
sometimes for an hour or two either 
side of midnight, very low down above 
the northern horizon. NLCs have an 
electric blue colour and often appear 
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in a herring-bone pattern. Nobody is 
quite sure what causes them, although 
meteoric dust, very high up in our 
atmosphere where ice crystals form, is 
a possibility. The Sun has to be just a 
few degrees below the horizon to get 
the correct angle to make them visible. 
It is worth checking the northern 
horizon over the summer months to 
see if you can spot them, however. 
The Milky Way stretches almost 
north to south from mid-northern 
latitudes during the summer time and 
so if you have a clear sky and are away 
from town and city lights, it is well 
worth going out, once the sky seems 
dark enough, to stand and gaze at this 
wonder of nature. You are looking at 
just one of the spiral arms in our home 
galaxy and it is an amazing sight to 
behold. If you have binoculars, you 
can just cruise along its length, taking 
in some of the sights. What seems like 


faint, misty patches of light turn into a 
forest of stars with these simple, easy 
to use, optical aids. 

There are many lovely objects to be 
seen with a telescope in the summer 
constellations, too. For example, the 
brightest globular star cluster in the 


Wait for a Moonless night 
Wait for clear, Moonless nights to view 
such things as meteors, Noctilucent 
Clouds and the Milky Way. 


Acquire a deck chair 

No, really! A deck chair is a useful place 
from which to view the wonders of the 
summer night skies. 


Make the most of the Moon 
The Moon is of course available to view 
even in the early twilight at certain 
times of the month. 


Northern Hemisphere, the Great 
Hercules Cluster is high in the sky 
around midnight, along with the Ring 
Nebula in Lyra and the Dumbbell 
Nebula in Vulpecula, so as you can 
see, there is plenty on view in the 
lighter skies of summer nights. 


Use a star chart 

A star chart is a really useful guide for 
what to see in the summer night skies. 
Use a red torch to preserve night vision. 


Binoculars for scanning 
Binoculars are very useful instruments 
for having quick scan through the Milky 
Way or for viewing the Moon. 


Upgrade to a small telescope 
A telescope of whatever size is lovely to 
use to see some of the amazing deep- 
sky objects on offer at this time of year. 


STARGAZER 
Summer astronomy, 


Choosing your targets 
From the Moon through to noctilucent clouds, make the most of the lighter months 


Sitting in a deck chair on a warm summer night to see what the phase of the Moon is, or if there 

with binoculars and a star chart can take you on are likely to be any meteors to be seen. There is a 

a fascinating journey through the heavens. A little goldmine of information waiting for you, including Send Your photos to 

planning can go a long way to help you make the reports of the visibility of noctilucent clouds or which space@spaceanswers.com 
most of what's available on any given night. Check planets are in the sky and where to look for them. 


If you are not sure what can be seen on a given evening you can turn to page If you are staying out late, be aware that it will get cold, so wrap up warm. Go 
68 of this issue to get a feel of what you can see this month. indoors between observing your chosen targets if you need to. 


| Ensure that you're prepared Z Keep warm 


Choose a suitable time to go outside. Around midnight will be the darkest It takes around 20 minutes for the human eye to fully adapt to the dark, so 
skies, but this is not always the best time - especially if your chosen targets you should factor this into your observation time. Once your eyes are dark- 
have already set or are too close to the horizon. adapted, you will be able to see fainter targets. 


3 Be aware of the time ( Take care of your night vision 


Look out for meteors Use a telescope 
If you are watching for meteors, it's helpful to have a notebook handy to jot If using a telescope, choose just a few objects to look at each night. Don't 


down the time as well as a meteors’ direction of travel. forget, the nights are short, so you need to be efficient in your observations. 
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GREAT 
ASTRONOMY 
AND SPACE 
DAYS OUT 


From space hardware and rocket launches to planetariums and 


observatories, the world is full of out of this world attractions 


Written by Jamie Carter 


Just like the universe itself, the world is 
full of hidden astronomical wonders that 
deserve exploration. So how about a day out 
where you can learn more about space, space 
exploration and astronomy? 

For stargazers and anyone wanting to know 


more about the night sky, there are some wonderful El Roque de Los 
planetariums. Most hold seasonal shows, though Muchachos Observatory 
the projections are now so technologically advanced This multinational mountaintop houses 


that you should also expect full-dome 3D films. E ish i d 
Ditto space centres that double as observatories in ULOPeEs est te ESCOPES ~ alld YOU Call SO 


the evening, offering educational exhibitions by day inside them 
and real-life stargazing by night - and perhaps even Where in the world: La Palma, Canary Islands 
a chance to peer through a big telescope. Cost of admission: €9 per visitor (Sun, Tues, Fri & Sat) 
Elsewhere, there are fabulous museums stuffed GserOlaD walmna.com 5 GEN 
with space hardware, from natural wonders such The air may be thin 2,450 metres (2,680 yards) up on 
as Moon rock and meteorites from other planets the volcano, but it's thick with Europe's best telescopes. 
to landmark space artefacts with incredible stories Book ahead online and you can visit one of them on a 
to tell. A Saturn V rocket, the Apollo 11 capsule and 90-minute tour, usually the William Herschel Telescope, a La Palmais where some of 
even Neil Armstrong's spacesuit can be viewed if 4.2-metre/165-inch optical/near-infrared reflector. Europe's best telescopes live 


you know where to look. More modern spaceships 
are also on display; the Space Shuttle Atlantis can 
now be visited in Florida. London's Science Museum 
has just put Tim Peake’s Soyuz capsule on show. 

If you have the money you can beat all that; get 
yourself to Kazakstan and you can see astronauts 
and cosmonauts blast-off for the International Space 
Station (ISS) on the top of a Soyuz rocket. 


Cerro Paranal 
See the planet's best telescope at 
_ the ‘astronomy capital of the world’ 


Where in the world: Atacama desert, Chile 
Cost of admission: $10 
eso.org ° +56 55 243 5100 


The highest, driest place in the world is where 
you can see the planet's most advanced 
ground-based optical instrument, the European 
Southern Observatory’s Very Large Telescope 
Mi array (VLT) array. Visitors are welcome to join 
The Very Large Telescope array a guided tour on Saturdays, which includes a 
consists of four 8.2-metre telescopes _ close-up of the four 8.2-metre telescopes. 
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STARGAZER 
Great days out 


The National Space 
Centre includes a 360° 


Space Centre a 
Visit the UK's largest attraction dedicated 

to space exploration and space science 

Leicester, UK 
Adult £14, child (5-16)/concessions £11, under Ss free 

spacecentre.co.uk * O116 261 0261 
The National Space Centre is a Science and Discovery Centre 
dedicated to the awe-inspiring story of space exploration. Discover six 
interactive galleries, the UK's largest planetarium, unique 3D Simulator 
experience and the iconic 42-metre-high Rocket Tower. There really 
is something for everybody to enjoy. As well as The Rocket Tower's 
upright rockets and a Soyuz spacecraft, the ticket also includes entry 
to the on-site Sir Patrick Moore Planetarium, a 360° full-dome cinema 
opened in 2012 that shows the award-winning film We Are Stars. 
Stargazers will also want to see the Tour Of The Night Sky show (you 
can see both if there is room). 


Baikonur 

Cosmodrome tour 

Watch a Soyuz spacecraft lift-off 
to the Intemational Space Station 


Baikonur, Kazakhstan 
From €2,400 (£2,100) 

aap -LOUTS. comet +7 (495) 506-3223 
What could be better than watching 
cosmonauts and astronauts climb into a 
Soyuz spacecraft and blast-off into space 
towards the ISS? A four-day tour from 
Moscow is hugely expensive, but does 

The Soyuz Launch Pad at include flights from Moscow and a room in 

Baikonur Cosmodrome the cozy Hotel Sputnik. 


Pic du Midi Observatory 
Stargaze from a telescope-studded 
mountaintop that helped map the Moon 


1: Pyrenees, France 

Adult €32, child €23, family (2+2) €92 
Pichia com ° 05 6256 70 0O 
This astronomical observatory on a ridge in the Pyrenees 
can be visited via cable car from La Mongie ski resort. It’s 
Night At The Summit package includes the cable car, meals, 
an astronomy talk, and an overnight stay (from £350/€399) 
where you can see the telescope NASA used to map the Telescopes adorm this ridge in the 
Moon (among others), and stargaze from its fabulous terrace. French Pyrenees 


Charleville Cosmos Centre 
There is no better place for stargazing 
an the Australian Outback 
rid: Charleville, Queensland, Australia 
Adults $10, seniors/students $10, 
child $8, putty) (242) $28 
cosmoscentre.com ° O7 4654 7771 
Deep in the Australian outback, by night you can handle 
meteorites and sip a Light Year Latte or a Saturn-shire 
Far from the light pollution, the Tea in the Cosmos Cafe. By night, a nearby observatory 
Cosmos Centre is fun by day or by night guide stargazing using a fleet of huge Meade telescopes. 
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The Jodrell Bank 
Discovery Centre is a 
great family day out 


Jodrell Bank Discovery 
Centre 


Stand under the iconic Lovell Telescope at the UK’s 
centre of radio astronomy 
Macclesfield, Cheshire, UK 

Adults £8, child/concession £5.95, family (2+2) £26.50, 
family (2+3) £31 
Jodrellbank.net + 01477 571 766 
Home to the world-famous Lovell Telescope, Jodrell Bank makes for 
an exhilarating day out. Seeing the high radio telescope in action is an 
incredible experience. You'll also find 35 acres of gardens and arboretum 
complete with picnic areas, playground, galaxy garden, and don't miss out 
on a visit to the Planet Pavilion Café, complete with a stunning terrace 
overlooking the telescope. There's plenty of extra activity throughout th 
year too, including the ever-popular family science shows, an evening 
lecture series, and of course, the annual science and music festival Bl 


Techniquest 


Kielder Observatory 
A stargazer's paradise near the 
Scottish border 

ere it » world: Northumberland, UK 

3 1i : Adult from £18.15, 
Geen child from £16.50 
kielderobservatory.org ° 0191 265 5510 
Though you can generally roam around 
during the day, this observatory - its location 
near the Scottish border chosen because of 
a lack of light pollution - is generally only 
open for specific events. The most popular is 
February's Aurora Nights, though Night Sky 
Safaris and astrophotography sessions are 
also staged. Check the website for dates. 
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Royal Observatory Edinburgh 
The HQ of Scottish astronomy in a 
Victorian telescope dome 

it rid: Edinburgh, UK 

Adults £4, child/concessions £3 (for 

summer astronomy evening) 
roe.ac.uk ° 0131 668 8404 
Hold a meteorite, explore the observatory’s historic 
Victorian telescope dome, and look at planets and the 
Moon through telescopes (clear skies allowing) at the 
centre of astronomy in Scotland. Public Astronomy 
Evenings are staged every Friday night in October-April. 


The Milky Way from 
Kielder Observatory 


Royal Observatory Edinburgh. 


Hands- on science exhibits and a full-dome planetarium 
th : Cardiff, Wales, UK 


Bohs £8, child (4-15yr) £6.50, under 3s free, family (up 


to 5, max 2 adults) £28 
techniquest.org ° 029 2047 5475 


This science and technology discovery centre in the Welsh capital's 
Far from the light pollution, buzzing Cardiff Bay has over 160 hands-on, interactive exhibits. It's also got 


the Cosmos Centre is fun 
by day or by night 


At-Bristol Science Centre 
evs ome in cits UK's only 3D planetarium 


: Bristol, UK 


a planetarium, which uses a full-dome projector to explore the night sky 
during shows aimed at audiences of all ages, even toddlers. 


miss Adults £15.30, child £9.90, family (up to 4, max 2 adults) £43.50 


(additional charges for Planetarium shows). 
at-bristolorg.uk ° O17 914 3475 


[his science centre has the UK’s only 3D planetarium, and while it has shows for 
kids during the day, it also has hosts the adults-only Planetarium Nights on most 
[Thursday evenings. The latter's two shows are dedicated to seasonal stargazing, but © 


also include timeless classics Exploring The Solar System and Exploring The Galaxy.  At-Bristol's 3D Planetarium 


) 


Natural History 


Museum neon 

Moon rock and meteorites Science Museum 

at at this world class museum See Tim Peake's Soyuz spacecraft and Apollo 10's 
in tl 1d: London, UK 


Corinnara bicelles 


1: London, UK 


idn Free 

Hine ac.uk ° 020 7942 5511 
Although it's the Science Museum 
just around the corner that has 
the most space artefacts, this great 
museum holds the only piece of 
Apollo Moon rock owned by the 
UK (though the National Museum 
of Wales in Cardiff has Moon rock 
on loan). It also has over 2,000 


of Si 3 Free (excluding certain exhibits) 
Siannepae Si, hae * 202-633-2214 

An absolute must-visit for anyone interested in space exploration, 
London's Science Museum has seven floors of exhibits, including 
the Apollo 10 command module and the Soyuz TMA-19M 
spacecraft used by Tim Peake in 2016. Its theatre also shows 
Tim Peake's Soyuz spacecraft at the © Legend of Apollo, a 3D computer animation based on the Apollo 
Science Museum lunar landings that will ‘virtually’ fly you to the Moon. 


individual meteorites in its collection 


Royal Observatory Greenwich ij, 
East meets west at the home of GMT & bod - il, 
Universal Time ata 
W in the world: Greenwich, London, UK 

tission: Adult £9.50, Child £5, Concession 
£7. 50, all (142) £15.00, Family (2+2) £22. 
rmg.co.uk/royal-observatory * 020 8858 4422 
Standing on the Prime Meridian where east meets west 
at longitude O degrees is Greenwich Mean Time (GMT), 
but more importantly for astronomers, it's also Universal 
Time (UT) that everything in the night sky is measured to. 
Overlooking the River Thames, you can also see a 18-tonne Royal Observatory Greenwich 
Victorian telescope and sample London's only planetarium. contains London's only planetarium 


The Natural History Museum has the 
only piece of Moon rock in the UK 


The Observatory Science 
Centre, Herstmonceux 
Six green domes of historic telescopes are 


the centrepiece of this hands-on experience 
‘Id: Hailsham, East Sussex, UK 

1: Adults £9.10, children £6.90, family (2+2) 
£28, 30, family (2+3) £32.25 

the-observatory.org ° 01323 832731 

Home to the Isaac Newton Telescope (INT), expect telescope 
tours, hands-on exhibits and science shows. The centre 

The Observatory Science Centre stages an annual astronomy festival in September and hosts 
offers beginners courses courses and a Astronomy and Space For Beginners course. 


South Downs Planetarium & 
Science Centre 


See a show dedicated to Tim Peake 

(ld: Chichester, West Sussex, UK 
Ir 1 Adults £7, children (under 16) £5 
Nine org.uk * 01243 774400 
The UK's biggest planetarium runs excellent stargazing 
shows such as Summertime Stars and Summer Nights, 
Shooting Stars, as well as one show dedicated to astronaut 
Tim Peake, who is from the Chichester area. Nearby at The 
Novium (www.thenovium.org) you can see the 'Tim Peake: The UK's largest serena runs 
An Extraordinary Journey’ exhibition. various shows and exhibits 


USS Hornet Sea, ( 
Air & Space Museum 

The ‘splashdown recovery’ ship for 
Apollo 11 and Apollo 12 is packed 


with memorabilia 
San Francisco, California, USA 
n: Adult $20, senior/military/ 
© student $15, child $10 
uss-hornet.org ° (510) 521-8448 
The aircraft carrier that rescued t} WW 
Apollo 11 and Apollo 12 after their splashdown has 
memorabilia, photos and an Apollo Command 
Module used in testing by NA 
Also on board is the Mobile Quarantine 
from Apollo 14; NASA feared the astronauts 1 
have been covered in deadly Moon pathoger 


A astronaut 


The USS Hornet Sea is packed with 
Apollo memorabilia 


Griffiths Observatory 


Peer through the world’s most 
popular telescope 


Los Angeles, California, 

USA 
1ission: Free 

ie Ee es org ° (213) 473 0800 
Over 7 million people have looked through 
the 12-inch Zeiss refracting telescope on the 
roof of Griffiths Observatory, making it the 
most used telescope ever. You can queue-up 
to take a look yourself, then gaze first across 
LA as the lights come on, before descending to 
the front lawn to look through a bevy of large 
telescopes set-up by volunteers each evening. 


Griffiths Observatory in LA. 


er ao 
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Meteor Crater 
r ; 4 
U 
¢ 


A Moor-like hole in the ground 
where Apollo astronauts trained 
Winslow, Arizona, USA 
Adults $18.00, child $9.00 
meteorcrater.com ° (800) 289 5898 
This mile-wide impact crater left by a Near- 
Earth Object slamming into the planet 
50,000 years ago is the best preserved you 
can see in the world, and it's a stunning 
sight. As well as a viewing platform on the 
rim complete with telescopes, there’s a new 
museum and walking trails. It's on the way 
to/from Grand Canyon via Flagsatff. 


- Meteor Crater is 30 Pale (48 kilometres) 


east of Flagstaff, Arizona 
’ 


Lowell Observatory 
See where Pluto was discovered in 1930 
Flagstaff, Arizona, USA 

Adults $15, seniors/students $14, 
children $8, under 5s Free 
lowell.edu ¢ (928) 233-3212 
During the day tour the historic Pluto Telescope and the 
Clark Telescope, then walk the fabulous scale models of 


ponderosa pine forest on Mars Hill. At dusk, staff set-up 
huge 16-inch telescopes on the lawn. Below is Flagstaff, a 
Dark Sky Community, with Route 66 running through it. 


the Solar System and the Universe in the surrounding Y 


Lowell Telescope is where Tombaugh found Pluto 


ai 


The Space Shuttle Atlantis 
is currently on display at 
the Kennedy Space Center 


Neil Armstrong's home town 


NASA Mission Control, 
Johnson Space Center 

Drop in on the International Space Station's 
Jisston (Cornel 


visitnasa. com 1+ 281- 244 2100 

Second only to witnessing a rocket launch must be the 
hallowed Level 9 Tour at the Johnson Space Center, which lets 
you see the ISS Mission Control. The tram tour also includes 
historic Mission Operations Control Room 2, a Saturn V rocket 
designed for the cancelled Apollo 19, and a lunar module. Control Center 
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his greatest oe comes 
1ere in the : Wapakoneta, Ohio, USA 


a trongmuseun, org ° (419) 738-8811 


\pollo 11 space suit (he was from Wapakoneta), though his 
gloves and helmet are on display at Smithsonian's National 
You can see some Moon rockin Air and Space Museum. Also here is some Moon rock and the 


} , \e ” 
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Kennedy Space Center Visitor 
Complex 


See a Saturn V rocket while youre on holiday 


in Florida 
Where in : Florida, USA 
$75, child $60 
kennedyspacecenter.com ¢ (855) 433 4210 


The Space Shuttle Atlantis is the primary reason to \ 
Florida's Kennedy Space Center, but don't andere the 


shock at seeing a 363-feet-tall Saturn V rocket, the largest ever 


built and exactly the same as the one that took Apollo I to 
the Moon. Apollo 14's command module is also here 


: Houston, Texas, USA. 


Armstrong Air & Space Museum 
In the hometown of first man on the Moon 
Neil Armstrong are artefacts from some of 


2: Adults $8, seniors $7, child (6-12) $4 


It's designed to look like a Moon-base, and it's convincing on 
the inside, too; here you'll find Neil Armstrong's Gemini 8 and 


ic Gemini 8 spacecraft flown by Armstrong. 


on: Daily Adult $50, child $40, multi-day adult 


Johnson Space Center's Mission 


Smithsonian's National 
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Hayden Planetarium 
See Neil deGrasse Tyson's 
Planetarium at the American 
Museum. Gt Natural History 

ne world: New York City, USA 
ion: Adult $27, child $16 
for oe ieanassion plus one Hayden 
Planetarium Space Show 
amnh.org ° 212 769 5100 
‘The world's largest cosmic atlas’ is what's 
promised by the Hayden Planetarium, a 
cutting-edge installation at the American 
Museum of Natural History near Central 
Park in Manhattan. Directed by Neil 
deGrasse Tyson, the planetarium uses a 


Zeiss Mark IX star projector to produce film- 
like shows with awesome production values. 


You can see the world’s largest cosmic atlas 
New York City 


Air and Space Museum 


See the only hardware that returned 


from the 2st Moon landing 


: Washington DC, USA 
Free 


eae si.edu ° 202-633-2214 
Is this the most precious space artefact in the 


world? Housed in the Boeing Milestones of Flight 
Hall is the Apollo 11 Columbia command module 


that carried Armstrong, Aldrin, and Collins to 
the Moon's orbit and back, while nearby is the 


artefact-packed Apollo to the Moon exhibition. 


The Apollo Lunar Module inside the museum 


Kevin Walsh; Sam Garza; Jawed Karim; freevectormaps.com 
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Deep sky challenge _ oe : 2 
Nebulae and 7 


e 3 ~ . . , a , 
Scorpius and eee : Sot 
‘ é . ; bs . ? X 
Sagittarius Oy BE a rd 
i . o- y Sb d { - " 
Summer skies are stuffed ee Ae Bie a . . 
full of amazing objects for 
your telescope if you are ee ae: 
prepared to stay up late ) 3 2 a 
Summer in mid-northern latitudes gives us short a . -_ ; - Br : 
nights, which are never truly dark which can wreak ‘ . ia . oe 
havoc on your viewing plans. However, they are . ‘ -— : » 
dark enough to see some real celestial wonders. The ; 
Milky Way arcs almost from north to south at this 
time and brings with it all kinds of deep-sky gems, 
including open star clusters, globular star clusters ‘ 
and nebulae on which to feast your eyes. Down near 
the southern horizon you will find the constellations ? 
of Scorpius and Sagittarius which are packed with ‘ f 
many such objects. For example, there is open star : ee . 
cluster Messier 7 - this object can be challenging ‘. F 
for Northern Hemisphere observers as it is so close : / ; a . . . 
to the horizon during this time of the year. On the . 
other hand, the exquisite Eagle Nebula, also known 
as Messier 16, is much more straight-forward to spot. 
Take a tour of just a few of the glorious objects within 


the borders of the Archer and the Scorpion for almost Lagoon Nebula (Messier 8) 
any size of telescope, so do go and enjoy them. 


*  Messier7 This open cluster is a treat through a telescope. 

: Sitting close to the ‘stinger’ of the scorpion, it 

is considered a challenging object for observers in 
northern latitudes since Scorpius never rises very 
high above the horizon. Look 4.75 degrees northeast 
of the star Lambda Scorpii, the second brightest star 
in the constellation, to locate this open cluster. 


| Ptolemy's Cluster (Messier 7) 


Known as the Butterfly Cluster, this is another 

great cluster for a small telescope. At around 
100 million years old, the majority of the stars 
within this open cluster are hot, young, blue stars. 
A moderately-sized telescope will enable views of 
the stellar gathering's orange giant, which ranges in 


z Butterfly Cluster (Messier 6) 


brightest from magnitude 5.5 through to magnitude 7. 


NGC 6553 
This is a very loose globular star cluster. NGC 


6553 can be found quite easily after locating 
the Lagoon Nebula, where it sits just over a degree 
southeast of it. Packed with stars of magnitude 20 
or dimmer, you will require a telescope with a large 
aperture to observe it effectively. 
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Deep sky challenge, 


NGC 6553 # 


Trifid Nebula (M20) 


A small telescope at low power will see a faint 
oval patch of light with a definite core. The 
nebula is currently undergoing a period of active star 
formation. The group covers roughly 14 arcminutes 
in the sky and glows at a magnitude of about 6. You ad & 
should look to the southern horizon and to just above O05 
and to the right of Sagittarius’ Teapot asterism. ® 


® 04 Ophiuchus 


i Lagoon Nebula (Messier 8) 


Just half a degree north of the Lagoon Nebula, 

you will be able to locate the Trifid Nebula, e 
which gets its name thanks to its three-lobed look. 03 e 
Messier 20 consists of different objects - an emission ® 
nebula, a dark nebula and a reflection and an open 
cluster. The nebula is quite bright with a magnitude of 
9.0, making it a good target for small telescopes. 


Messier 21 bd gy & Q2 
Tightly packed, this open cluster is best seen at ' a 
Sagittarius 


2 Trifid Nebula (Messier 20) 


medium power through a larger aperture scope. 
Messier 21 consists mainly of small, faint stars but it’s = 
also home to a few blue giants, giving it a densely- 
packed appearance. 35 of the stars within the cluster 
have visual magnitudes between 8 and 12. Ol 
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You'll need: 


V Your telescope 


V Medium-power eyepiece 
V High-power eyepiece 
V Smartphone or DSLR 
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How to... 


Test your 
telescope's optics 
using the stars 


Good optics will allow you to achieve excellent views 
of the universe, but just how good are the ones in 
your instrument? Here's how you can find out... 


Your telescope is your link to the 
stars and you want it to work the best 
it can, but how do you know if the 
optics, that is, the lenses or mirrors it 
contains, are of good quality or even 
if they are set up properly? Well, you 
can use a star to check it all out and 
with a few simple tests you can get a 
real insight into just how good your 
telescope really is. Most telescopes 
these days have reasonably good 
optics, although of course, you get 
what you pay for. 

You don't need a fancy optical test 
bed to find out just how well your 
telescope’s optics are performing. In 
fact, a star is all you need to test your 
instrument. After all, that's what you 
are ultimately using it for. By slightly 
defocusing a reasonably bright star, 
you will see a round disc consisting of 
concentric rings of light. 

It is this that starts to tell you the 
story of your optics. Depending on the 
type of telescope you have, that is a 
reflector, a refractor, or a compound 
telescope (these instruments use 
both lenses and mirrors) you will see 
slightly different patterns. Reflectors, 
for example, show a dark ring near 
the centre of the image due to the 


Employ a drive 
If your telescope has a drive, switch it 
on to keep the star you're using centred. 


Choose a suitable star 

Choose a moderately bright star to test 
your telescope. Polaris, also known as 
the North Star, is a good choice. 


Use a selection of eyepieces 
Use a medium-power eyepiece to start 
with and make sure the star is well 
centred in the field of view. 


secondary mirror obstruction, whereas 
refractors do not. If the rings appear 
misshapen, though, you may have 
some optical components out of 
alignment. This is a fairly common 
problem and is easily fixed. 

If, however, the defocused disc 
appears slightly triangular, one of your 
mirrors or lenses may be ‘pinched’. 
This is slightly harder to deal with, but 
is still usually fixable in the long run. 
There are other telltale signs which 
can show up if your optics are of poor 
quality or have more challenging 
problems that you'll face later on. 

Be aware however, that unless you 
really understand what you are seeing, 
you may think that there is something 
wrong with your telescope's optics 
when there in fact isn't. Factors such 
as the atmosphere and even the air 
inside your telescope tube can all play 
a part in what you are seeing through 
it. If you think there is a problem, it is 
best to ask someone who is familiar 
with optics to check it for you. 

It's extremely useful to test your 
telescope in this way and it gives you 
more understanding of what your 
instrument can really achieve in the 
way of observing and imaging. 


Look for diffraction rings 
Bringing the star out of focus will 
enable you to see the diffraction rings 
- which take the form of concentric 
circles around the point of light - 
much more clearly. 


Examine either side of focus 
Test your telescope’s optics on either 
side of ‘good focus’ - that is the point 
where your optics are at their best for 
observing the stars. This helps to show 
up any problems. 
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Test your optics, 


Getting the very best observations 


With a little know-how, you can fix your instrument's optics 


The most common problem is misaligned mirrors. 
Defocusing a star will show you a less than circular 
pattern. This will be seen on both sides of good focus. 
The clips, which hold the main mirror in place should 
be slightly loose. If there is pressure on the mirror, it 


Choose a reasonably bright star. Polaris - also 
known as the North Star - is ideal, especially if 
you don't have a tracking motor on your telescope. 


il Select your star 


= 


Study the star's pattern 
A Look at the pattern the image makes. Is it 
perfectly round? If not, you could have a 
misalignment of the optics within your telescope. 


- Observe over multiple nights 


will make the defocused star look slightly triangular. 
If the star looks very fuzzy, this could be caused by 
poor quality optics, but be careful here, as it can also 
be caused by poor atmospheric conditions, so be sure 
to run the same test on a different night. 


Send your photos to 
space@spaceanswers.com 


Start with a medium-power eyepiece. Eyepieces 
that use a Plossl design are a good choice for a 
variety of telescopes. 


Firstly, get a crisp and clear focus on your target 
star and then gently rack the focus outward as 
slowly and smoothly as you can. 


? Use a medium-power eyepiece 3 Achieve a sharp focus 


%, 


as 


Does the image look very fuzzy or an odd 
shape? If so, check again on another clear night 
and get a second opinion. 


Take a picture though the lens using a 
smartphone or DSLR Camera. The image will 
help you see any problems your scope may have. 


‘ , Use a camera for optical issues 


87 


The Northern 
Hemisphere 


Bright to faint-magnitude targets are on offer this 
July for astronomers armed with the right equipment 


The constellations of Lyra, Aquila, Messier 13 and Messier 92. Meanwhile, 


Hercules, Sagittarius, Scorpius and astrophotographers will get great 
Ophiuchus are in easy reach this month. enjoyment from the binary star system 
What's more, these star patterns are Rho Ophiuchi in Ophiuchus, which is 
packed with night-sky objects. surrounded with red emission nebula 
Fans of the tight-knit globular star and very impressive light and dark 
clusters should turn their attention to brown dust lanes. 
the constellations of Ophiuchus and Cygnus is a goldmine, with the 
Hercules, where they will be rewarded Veil Nebula, Fireworks Galaxy and 
with sights of the extremely stellar- the Crescent Nebula being excellent 
rich Messier 10, Messier 12, Messier 14, choices for observation in particular. 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


Lsv4 


Hold the chart above your 
head with the bottom of the 
page in front of you. 


Face south and notice 
that north on the chart 
is behind you. 


% The constellations on the chart 
should now match what you 
see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 


Open star clusters 

Globular star clusters 

Bright diffuse nebulae 

Planetary nebulae Observer's note: 
The night sky as it 


Galaxies appears on 16 July 2017 at 
approximately 10pm (BST). 
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The Northern Hemisphere, 
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Me & My Telescope 


Send your astrophotography images to space@spaceanswers.com 
for a chance to see them featured in All About Space 


Kel it Distric 

elardasht Distr Ss 

Mazandaran Pri —=— 
“During a night in Spring, ac ee 


I travelled to the high 7 
mountains of northern Iran. 

In this photo, you can see 

a collection of objects in 

the night sky. The Milky Way, Moon, Jupiter, 

Mars and Saturn together created a beautiful 


composition. This panoramic image, which Amin travelled to 
I shot using my Canon 50D DSLR camera the high mountains 
and at an exposure time of 13 seconds, is for this photo in his 
comprised of 12 photos stitched together.” home country 
Mohammad Mireskandari petiaeimad used Rob Johnson 
E é a Tokina lens on a P . 7" . 
Markazi Province, Iran inacannesaD Liverpool, United Kingdom 
“Using my Nikon D7000 capture this image * Telescope: 14” Newtonian Reflector / 
camera as well as a “I have been interested in astronomy  * » 
Tokina‘lens, I captured since I was seven years old, inspired _ 4 we 
the constellation of Orion. by the first-spaceflights and, of 3 
Despite a initial fight with course, the Apollo program. Later on, 
light pollution, which is I became interested in photography, . 
clearly visible in this image, I picked out so it was natural to take up astrophotography. I enjoy , - 
all of ‘The Hunter's’ major stars. As you can imaging many different kindstof objects from deep e 
see, I was fortunate enough to expose a vast sky objects to Solar System bodies and dabble with ae 
amount of the brighter stars in the night sky.” spectroscopy. My favourite objects-are galaxies and . 
galaxy clusters - it’s incredible to think of the number 
, of planets there must be in one image, possibly 


harbouring life. Imaging from my light polluted 
location has its challenges but with the help of CCD 
cameras some great results can be achieved." 


* 


“ecg, | 
Me & My Telescope/'¥ 


Ringed-planet Saturn, The cratered surface 
with its Cassini of the Moon 
Division on display 


Comet Lovejoy (C/2014 Q2) 


Send your photos to... “> @spaceanswers @ space@spaceanswers.com 


Meade LightBridge Mini 130 


Whether you're on a budget, or are being pestered by your children for a telescope, 
this easy to use and assemble Dobsonian is ideal for the whole family 


“For the price, the exterior is 
exquisite, giving an edge over 
other tabletop reflectors" 
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Telescope 
advice 


Cost: £189.99 

From: Hama Products Ltd 
Type: Newtonian reflector 
Aperture: 5.1" 

Focal length: 25.6" 


Best for... 


Beginners 

Medium budget 
Planetary viewing 
Lunar viewing 

Bright deep-sky objects 


Families 


The LightBridge Mini features 
9mm and 26mm eyepieces 
and a 2x Barlow Lens 


It might be small, but this telescope is 
a worthy purchase for those looking 
to get into astronomy. If you have 
children that have been pestering 
you for a scope for some time, but 
you are worried about their interest 
in the night sky being a fad, then the 
LightBridge Mini is worth a look since 
it won't create much of a dent in your 
bank balance. We would go as far as 
saying that this edition to the Meade 
Instruments range could be used as a 


companion to a pre-existing telescope, 


and if you are someone who is keen 
to get a “grab-and-go” scope then 
this Dobsonian could be the one for 
you. As well as the 130mm, Meade 
also offers the LightBridge Mini with 
a smaller aperture of 82mm and a 
‘middle’ aperture of 114mm. 


Before you open the box, you know 
straight away that this telescope is 
massively portable. Keen to examine 
the Meade LightBridge Mini's build, we 
opened the box and were impressed 
even further - for the price, the 
exterior is exquisite, giving an edge 
over other tabletop reflectors in the 
same price range. The scope comes 
already assembled and ready to tour 
the heavens within a few minutes - 
certainly something that beginners 
will see as a massive advantage. 

Many tabletop telescopes on the 
market only come with a single 
eyepiece, however, Meade Instruments 
have gone that extra mile by supplying 
a 9mm and a 26mm, to provide 
magnifications of 72x and 25x, as well 
as a 2x Barlow Lens. The eyepieces 
are of very good build quality for the 


price bracket. The Meade LightBridge 
Mini also features a red dot finder 
and a 1.25" Rack and Pinion focuser - 
everything that you would expect on a 
scope for a beginner astronomer. 
The LightBridge Mini is best used 
on a sturdy table - if you use it in 
a similar way to a ‘conventional’ 
telescope, then you're likely to get 
uncomfortable very quickly. Placing 
the telescope onto our garden 
furniture under a predawn sky, 
we put the scope's optics to the 
test. We enjoyed the smoothness 
of the telescope’s ‘turntable’ base, 
which can be swivelled a full 360 
degrees. A waning crescent Moon, 
with 28 per cent illumination was 
our first target of choice before the 
Sun dominated the sky. It is at this 
time in the Moon's cycle where the 


STARGAZER 
Telescope advice/ ' 


*) MEADE 


The telescope tube is pa 
; attached to an alt- h h 
beautiful surface features can be azimuth mount with Views t roug 
identified as the sunlight meets the a Vixen-style dovetail 


dark along the terminator. Turning 
the telescope towards our target, with 
the ‘higher power’ 9mm eyepiece 
slotted into place, we gently turned 
the Rack and Pinion focuser to bring 
the lunar surface into focus. For those 
not familiar with using a Rack and 
Pinion focuser, you may find using 
one can take a degree of practice, the 
LightBridge Mini's in particular took a 
bit of fiddling around with as it jumps 
from one focused view to another. 
Impressively, the scope didn't vibrate 
as much as we expected as we turned 


LIGHTBRIDGE 


the LightBridge 
Mini provided 
a very good 


degree of 
clarity” 


the focusing knob and, once we had Weighing in at 6.2 kg (13.6 
the left side of the Moon’s northern Ibs), the LightBridge Mini 
hemisphere in our sights, we were is very portable, making it 
blown away by the view that the 5.1- ideal for all of the family 
inch aperture was able to pick up. We to tour the night sky 
were able to obtain a very good view 
of the lunar sea Oceanus Procellarum 
and the crater Aristarchus. Views 
through the LightBridge Mini provided 
a very good degree of clarity and (Messier 44), an open cluster in the 
contrast that's sure to delight fans of constellation of Cancer before it was Combining the eyepieces 
our nearest companion. lost below the horizon. The open and 5.1" aperture, the 
With Jupiter in the constellation of cluster's member stars are pinsharp in tabletop Dobsonian provides 

Virgo throughout late May and into the Dobsonian’s field of view in which members si : ie mand 

25x - ideal for viewing the 


June, we turned the LightBridge Mini 
towards the gas giant in the southwest. 
Locating Jupiter gave us the chance to 
try out the red dot finder - a feature of 
the telescope that did the desired job 
of finding our chosen object with ease. 
At a magnification of 50x, it appeared 
as a brilliant bright disc with all four of 
its moons - Io, Europa, Ganymede and 
Callisto - visible as clear points of light. 
A few unsettled evenings throughout 
May and into June, meant that we had 
to wait for a few evenings to resume 
our observations with the Dobsonian. 

Keen to observe the Andromeda 
Galaxy (M31) late in the evening, we 
slewed the telescope to the spiral. We 
could make out very slight detailing 
with averted vision. The LightBridge 
Mini managed to provide sharp views 
of the stunning Beehive Cluster 


the cluster fits quite snuggly. 

The optical system gathers faint 
light with ease and, provided the 
astronomer uses their peripheral 
vision, picks out deep-sky objects quite 
well for a telescope in its price range. 
The Majority of galaxies within the 
constellation of Ursa Major appeared 
small and faint, but with decent 
definition - the brighter the target 
object, the better this scope fares, 
especially in light polluted regions. 

Ideal for those just starting out in 
astronomy, the Meade LightBridge 
Mini is an excellent beginner's 
telescope that is also suitable for those 
looking for a fuss-free instrument to 
compliment their existing telescope. 
For the low price, Meade has supplied 
an impressive package that certainly 
delivers in results. 


planets and lunar surface 


VISIONARY 10x50 B4 
_ SERIES BINOCULARS 


a Pe" the night sky with improved definition and clarity 


a A —,_ Combined with their high-quality BAK-4 prisms 
=, A and multicoated lenses, the Visionary B4 series 
f ’ P” al “ ’ provides excellent definition and clarity for a 
< - _ multitude of applications - from touring the 


night sky to watching wildlife at play. 

At a modest magnification of 10x50, the 
Visionary B4 are light enough to hold for 
long periods of time without compromising 
observing quality and ensure a brighter image 
by maximising light transmission. Rubber 
eyecups and body finish also provide an easy 
and comfortable grip for a superior experience. 


To be in. witha chance of winning, 
/ all you have to do is answer this question: 


A: Edward Witten 
B: Brian Greene 


C: Edwin Hubble 
Enter via email at space@spaceanswers.com 
or by post to All About Space competitions, Richmond House, 33 Richmond Hill, Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at www.spaceanswers.com/competitions 


FREE Bagipoggenesor 


TOUR OF THE 


UNIVERSE 


When Neil Armstrong stepped onto Find out where we're at in our 

the surface of the Moon, he declared ongoing search for extraterrestrial 

that it was “one step for a man, one life and discover how humanity may 
giant leap for mankind”. Join All escape to Saturn's largest moon Titan 
About Space as we travel beyond the before our planet is swallowed by an 
Solar System and into deep space. evolving Sun. Get caught up in the 
Journey through our home galaxy, universe's megastorms, uncover some _ 
meet new stars and discover alien of the most daring space rescues and 


To claim your free digital 


worlds, which are moreexotic than discover if our cosmos could be one of — | , head over to: 


we could have ever imagiried. many universes. : filesilo.co.uk/aas-66 


= ‘Tells the Hie. complete Aor c of 
the Space Shuttle better than 


Ht Ss ever been told before’ 
~~ CHRIS HADFIELD, former Astronaut and 


International space Station Commander 


‘The Right Stuff of a our times’ 
DAILY MAIL. 


‘Essential reading for anyone ™ ope heemae 
with even the slightest Rowland Wh 


interest in space flight’ IN TO 
SPACEFLIGHT 
THE 
‘A white knuckle ride’ BL L CK 
THE TIMES 


ine Eiectrtying True Story of Ho =a 
the Space Shuttle Nearly Ended haga 


‘A truly edge-of-your-seat 
ride into space’ 
JAMES HOLLAND 


() | Ree House Available from your local Waterstones or * 
UK a 


aterstones.cormr 
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In the shops 


The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


Binoculars 
Visionary B4 Series 10x50 
Cost: £69.99 (approx $93) 
From: Optical Hardware Ltd 
It's often said that the best introduction to the night sky is 
through binoculars. They're lightweight, easy to use and generally 
inexpensive, much like Visionary's B4 range of binoculars. Nice 
and compact, they fit snugly into your hands and their rubber 
eyecups provide excellent eye relief. The Moon and Jupiter 
offered some excellent viewing on which to test Visionary's B4 
10x50 binoculars. Although we couldn't discern the bands on 
Jupiter, its Galilean moons were obvious, strung out either side 
like pearls. Meanwhile Earth's Moon was breathtaking with 
bright plains and darker mare, with the binocular’s BAK4 prisms 
offering nicely contrasting views of its rugged, cratered surface. 
We also tried hunting down some tougher targets. Although 
urban light pollution can hamper deep sky observations, objects 
like double stars are perfect for binoculars. Rising in the east, the 
summertime constellation of Cygnus the Swan offered the double 
star Albireo. Slight shaking of our hands made it impossible 
to split the two yellow and blue stars. However, mounting the 
binoculars on a tripod to steady our view, we could distinguish 
the brighter yellow star and fainter blue star within the field. 


Cost: Free/£0.99 ($0.99) 
From: jT'unes & Google Play 

One of the best astronomy apps for Apple or Android 
phones is SkyORB. Downloading the free version (SkyORB 
Lite) onto our iPad, we were instantly struck by the 

quality three-dimensional rendering of the universe from 
planets and constellations to galaxies and nebulae. One 
really neat feature we found was the ability to zoom 

out from our Solar System, pulling back to look at a 

graphic of our own Milky Way galaxy. 

It takes a little while to get used to the icon menu that 

the app uses, but once you do you'll be able to use this app 
swiftly and efficiently. It's search function makes SkyORB a 
useful planetarium, its library of objects being well stocked, 
and it can depict what the night sky will look like at any 
time from any point not just on Earth, but from other planets 
too. It was fun seeing what the night sky looked like from 
the point of view of the Curiosity rover on Mars, for example. 
A 12-month subscription can buy you access to the 
‘premium’ version of the software, which is full-screen unlike 
the ‘lite’ version, and provides access to greater details about 
astronomical targets and more objects in its database. 


Website 
Google Sky 


Cost: Free 
From: Google 
Many of us will have spent hours online on Google Maps 
or Google Earth, perusing satellite imagery of our planet or 
driving down roads all over Earth via Google's camera car. 
However, Google hasn't only been looking down - they've 
looked up too and the result is Google Sky. Accessible via 
the Google Earth website and downloadable as an app with 
augmented reality capabilities on Android phones, Google Sky 
lets you wander around the universe in the same manner as 
Google Earth allows you to explore our planet. It has different 
layers, including maps of the constellations, deep space 
imagery from various observatories including the Hubble Space 
Telescope and the Sloan Digital Sky Survey, podcasts that 
describe what is happening in the night sky right now, views of 
the sky across different wavelengths such as in infrared light, 
users and science guides, and the positions and orbits of the 
planets, asteroids and comets within our own Solar System. 
Most importantly it is user-friendly, just one click of your 
mouse button away, and is a great way to introduce people 
young and old to the wonders of the universe. 
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In the shops/' 


Book 
NASA Mercury Owners’ 
Workshop Manual 

Cost: £22.99 ($36.95) 

From: Haynes Publishing 

Spaceflight has come a long way since the very 

early days of NASA's Mercury capsule, a tiny 

tin can of a vehicle which made history by 

sending Alan Shepard and John Glenn into 

space, the first American in space and the 

first American to orbit the planet, respectively. 

This history-making spacecraft now receives 

the Haynes manual treatment, charting 

the early days of the vehicles development 

before the Space Age had even begun in 1957, 

the design and construction of each part of the 
Mercury capsule including its heat shield, power 

and life support systems and navigation, and the rocket 
technology such as the Redstone and Atlas rockets that took 
the Mercury capsules and their astronauts into space. 

The book is written by Dr David Baker, who worked for NASA 
on the likes of the Gemini, Apollo and Space Shuttle projects 
and is the editor of the British Interplanetary Society's 
Spaceflight. The writing is a little dry in places and the nature 
of the owner's manual means it is very technical, but coupled 
with many detailed diagrams and photographs this hardback 
Haynes manual is 208 pages of unmissable space history. 
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Pete Conrad 


The maverick astronaut who became 
known to many as the Comeback Kid 


When Charles ‘Pete’ Conrad went 
through NASA’s selection process for 
its first group of astronauts, he ended 
up being dropped, his suitability for 
long-duration flight firmly under 
question. It had nothing to do with 
his struggles with dyslexia, even 
though the reading disorder had 
led to him flunking most of his 1th 
grade exams and being labelled lazy 
by teachers who had little knowledge 
of the lifelong condition. Rather, 
it had everything to do with his 
unorthodox approach to the agency's 
numerous medical tests. 

Believing the examinations to be 
degrading, he adopted a dismissive 
attitude to them. On being shown 
a blank card by psychologists, he 
stared briefly before telling them: 
“It's upside down.” He also presented 
his stool sample in a red-ribboned 
gift box and described a sexual 
account in the greatest of detail 
when presented with an Rorschach 
inkblot test. NASA didn’t quite know 
what to make of him. After all, before 
them was a man who had worked 
around his dyslexia, earned an 
engineering degree from Princeton 
University and been awarded a Navy 
scholarship. He was one of America’s 
finest test pilots. 

But then Conrad was bristling 
with life, running it on fast-forward 
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with a penchant for high-powered 
cars and riding bikes at top speed. 
Born on 2 June 1930 in Philadelphia, 
Pennsylvania, he was a cheeky 
chappy with a gap-toothed grin who 
had seen his family torn apart by 
the Great Depression - his father left 
and they had lost their manor house. 
But he was always great company. “If 
you can't be good,” he would say, “be 
colourful.” History, however, would 
prove that he could be both. 
Although he married his first wife, 
Jane DuBose, in 1953 and had four 
sons, his career dominated his early 
life. Conrad tried to become a NASA 
astronaut again in 1962. Thankfully 
most of the tests he had objected 
to had been dropped and he was 
successful this time. He became part 
of the second group of astronauts, 
which were known as the New 
Nine and he was assigned a Gemini 
mission. He piloted Gemini 5 on 21 
August 1965. It was the first long- 
duration space flight and the first 
to test a fuel-cell system to see if it 
could fly men to the Moon and back. 
Conrad and his commander, 
Gordon Cooper, set a new space 
endurance record of seven days, 
22 hours and 55 minutes, beating 
the previous record of five days 
held by the Russians. The following 
year, on September 12, he was the 


Conrad loved 
auto-racing, water- 
ig and golf 


command pilot of Gemini 11, which 
performed the first ever direct- 
ascent rendezvous with another 
orbiting spacecraft. In March 1969, 
he went on to command the backup 
crew of Apollo 9 and this led to 
him commanding Apollo 12 on 14 
November that year. During this 
mission, he followed in the footsteps 
of Neil Armstrong and Buzz Aldrin, 
becoming the third person to embark 
on a lunar walk. 

He spent seven hours and 45 
minutes on the Moon's surface 
but his sense of fun prevailed. 
“Whoopee!” he said. “Man, that may 
have been one small one for Neil, 
but that's a long one for me.” It was 
a reference to his height - five feet 
six inches - but it was also uttered 
to win a bet that Conrad had placed 
with an Italian journalist to prove 
NASA didn't script their astronaut’s 
words. He followed up this mission 
by becoming part of the first crew 
to board the Skylab space station in 
1973, directing an emergency rescue, 
which earned him the Congressional 
Space Medal of Honor in 1978 from 
President Jimmy Carter. He retired 
at the end of that year to work in 
private industry. 

He continued to live life to the 
max. He divorced Jane in 1988 and 
remarried in 1990, he enjoyed time 
with friends and worked with good 
causes. Sadly, his love of fast bikes 
was his undoing and, despite being 
within the speed limit and wearing a 
helmet, he suffered terrible internal 
injuries when his motorcycle crashed 
on a turn. He later died on 8 July 
1999. He will never be forgotten. 
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Classic 7x50 £28.99 . _ 


Classic 10x50 £29.99 _ 
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GL10x50 £34.99“ 


Premium Astro 
Eyepiece Outfit 


Elinor 10x50 £179.99 


. sy 
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WP-Pro 7x50 £279.99 v- 


- —- £149.99 
Eyepieces & Accessories “oe HD 


Ostara 7pc filter set........£49.99 
wet) Ye Miter wale! 


clea view Clearview Binoculars: Four Square Chapel, Mapplewell, S75 6GG. Tel: 01226 383736 of eyepieces and 


Callers very welcome please check website for opening times access: 
in cular Binocular Outlet: Unit 4A, 2 Cropston Road, Anstey, Leicester, LE7 7BJ. Tel: 0116 235 4402 
utlet >.uh Check our website and visit us on shows and events throughout the UK 
CO Ot ° Objective Optics / D & E Hughes: Tel: 01758 613 291. 24 Pentan Street, Pwithell, Gwynedd, LL53 SDE hove reeenane binocular company 
VU ective pucs @ group of 
‘ : mere menage For more 
information please 
JM Optics: Email: info@jmoptics.co.uk. Tel: 01924 763056 wewtesgited coum. 
Visit us on shows and events throughout the UK Crtere aro outjoct to eveltabitty and 
outlets only. Prices 


ARMY Goulds Army Surplus Store Ltd: Tel: 01752 665886. 57 Ebrington Street, Plymouth, PL4 SAA rnd tpecihcatone wre Sane 
SURPLUS STORE 
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Perrormance 
’ Precision and Value 


Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 


resulting in designs of superb functionality, versatility and uncompromising levels of performance. 


The Sky-Watcher 


EXPLORER range of Parabolic Newtonian Reflectors cater superbly for astronomers of all levels. Whether your interest is 
Deep-Sky Observations, the Moon and Planets, or a combination of both, the EXPLORER range offers excellent all round 


Diffraction-Limited performance. 


200mm (8”") £/1000 
PARABOLIC NEWTONIAN 
REFLECTOR 
Prod.Code 
10923/20464 


OTA SRP £279 
EQ5 SRP £279 


GR ie _ 


Standard Specification 
* Magnifications (with eyepieces supplied) 
x40, x80, x100, x200 
¢ Highest Practical Power (Potential) x400 
¢ Diameter of Primary Mirror 200mm 
* Telescope Focal Length 1000mm (f/5) 
¢ Eyepieces Supplied 10mm & 25mm 
¢ x2 Deluxe Barlow Lens * 6x30 Finderscope 
¢ Parabolic Primary Mirror 
¢ 0.5mm Ultra-Thin Secondary 
Mirror Supports « Fully GO-TO Upgradeable 
* EQ5 Equatorial Mount with Stainless Steel Tripod 
more Light Gathering than 150mm 


77% 
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BBC ‘tie bi At ena Magazine (July 09 Issue) a cS 


100mm (4”) f/400 
PARABOLIC DOBSONIAN 
Prod.Code 10245 


76mm (3") f/300 
MINI DOBSONIAN 


Prod.Code 10212 


~S. 
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130mm (5.1") /650 
PARABOLIC DOBSONIAN 


Our Products are Available from Dealers throughout the UK 


OPTICAL VISION LTD 
UNIT 3, WOOLPIT BUSINESS PARK 


OPTICAL V 


Order Your FREE Copy Today 


150mm (6”) f/750 PARABOLIC 
NEWTONIAN REFLECTOR 
Standard Specification 


¢ Magnifications (with eyepieces supplied) 
x30, x60, x75, x150 

¢ Highest Practical Power (Potential 

¢ Diameter of Primary Mirror 150mm 
* Telescope Focal Length 750mm (f/5 
¢ Eyepieces Supplied 10mm & 25mm 
* 6x30 Finderscope « Fully GO-TO Upgradeable 
¢ x2 Deluxe Barlow Lens » Parabolic Primary Mirror 
¢ 0.5mm Ultra-Thin Secondary Mirror Supports 


BBC Sky At Night 
Magazine 


x300 


Prod.Code 


¢ EQ3-2 Equatorial Mount with Aluminium Tripod ; ss 
¢ 33% more Light Gathering than 130mm e 10912/20448 
“e 
pa OTA SRP £199 
YY in E03-2 SRP £199 


Prod.Code 10949/20448 


OTA SRP £199 
EQ3-2 SRP £199 


150mm (6") f/1200 
PARABOLIC NEWTONIAN REFLECTOR ¢ i. 


Standard Specification 


* Magnifications (with eyepie suppl “* 
x48, x96 «120. x240 
* Highest Practical Power (Potential) x300 . / " : 
© Diameter of Primary Mirror 150mm 19 e price 
ee Ea re a Ade Ashford 
* Telescope Focal Length 1200mm (f/8) www.scopetest.com 
. gh eces Supplied 10mm & 25mm . 
x2 Deluxe Barlow Lens 
© 6x30 Finder ADVANCED FEATURES 
wtonian Reflect ‘ high 
* Paraboli Prime ry Mirror vs flecto ature 
in Ss ere 
¢ 0.5mm Ultra-Thin Secondary Mirror (88 ate 
ec nf rool 19 sna ontrasty images 
“ap pag n addition they feature 0.5mm Ultra-Thir 


* Fully GO-TO Upgradeable 

¢ EQ3-2 Equatorial Mount with 
Aluminium Tripod 

¢ 33% more Light Gathering than 
130mm 


Sir Patrick Moore CBE FRS (1923. 2012) 


Please contact us, or Check our Website for your Nearest Stockist 


Importers and Distributors of Sky-Watcher 
Astronomical Telescopes, Helios, Acuter, 


ISION LIMITED 


www.opticalvision.co.uk 
www.barrandstroud.com 


Barr and Stroud Binoculars & Spotting Scopes 
and ‘Zenith’ Microscopes. 


WOOLPIT, BURY ST. EDMUNDS 
SUFFOLK IP30 SUP 


